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PREFACE 


There  have,  during  the  past  few  years,  appeared  so  many  and  such 
excellent  text-books  on  clinical  diagnosis,  the  clinical  examination  of 
the  blood,  the  urine,  or  the  gastric  contents,  that  to  add  to  this  number 
one  which  covered  the  same  ground  in  the  same  way  as  they,  would 
seem  a  thankless  undertaking,  as  well  as  an  unpardonable  misuse  of 
energy.  It  is  because  the  present  work  tries  to  cover  this  same 
ground  in  a  different  way,  and  one  which  will,  we  believe,  commend 
itself  to  the  medical  profession,  that  we  venture  to  offer  it  for  ins[)ec- 
tion ;  we  refer  to  the  consideration  of  clinical  laboratory  work  from 
the  clinical  rather  than  from  the  laboratory  point  of  view. 

This  book  is  based  on  the  author's  experience  as  physician  in  charge 
of  the  clinical  laboratory,  and  instructor  in  medicine,  of  the  Johns 
Hopkins  Hospital  and  University.  He  has  also  had  at  his  disposal 
all  the  clinical  records  of  the  ward  cases  for  the  seventeen  years  of  this 
hospital's  activity. 

Our  course  in  clinical  microscopy  and  chemistry  extends  over  the 
eight  months  of  the  student's  third  year ;  two  afternoons  of  three 
hours,  and  one  of  one  hour,  each  week ;  but  much  of  the  work  is  done 
out  of  class  hours,  as  inspection  of  pages  413  and  451  will  show.  The 
subjects  studied  are  the  clinical  examination  of  tlie  blood,  urine, 
sputum,  stomach  contents,  faces,  and  various  fluids,  as  ascitic,  pleural, 
cerebrospinal,  cyst  contents,  etc.  In  addition  to  this  the  student 
follows  cases  assigned  him  in  the  out-patient  department.  To  those 
fitted  for  such  work  simple  problems  of  research  are  gi\'en.  The 
course  is  a  laboratory  one;  specimens  are  provided  each  of  the  students. 
It  is  nee<l!ess  to  say  that  with  the  eighty  microscopes  focussed  on 
eighty  specimens  of  a  patient's  blood,  sputum,  etc.,  the  most  of  the 
interesting  cells  or  other  features  will  be  found.  The  best  were  drawn 
by  an  artist  always  within  call.  The  questions  discussed  in  the  fol- 
lowing pages  are  for  the  most  part  those  asked  by  the  students  dur- 
ing the  class-work.  The  object  of  this  course  is  not  so  much  to  impart 
knowledge  as  to  raise  the  efficiency  of  the  student.  It  is  not  a  course 
in  chemistry  and  microscopy,  but  in  these  applied  to  the  study  of  a 
patient:  not  in  physiology,  but  in  pathology.  With  the  methods  of 
chemical  and  biological  work,  with  the  normal  findings,  they  are  already 
familiar.     Chemistry,  inorganic  and  organic,  qualitative  and  quanti- 
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intive,  is  retiitired  for  admission  to  the  school;  the  normal  blood  they 
have  studied  in  the  anatomical  laboraiorj-;  normal  urine  and  gastric 
contents,  in  the  laboratory  of  physiological  clieniistry.  \\>  lake  this 
knowledge  for  granted  as  a  foundation  for  the  study  of  pathological 
bloo<ls.  urines,  etc.,  paying  particular  attention  to  'the  clinical  signifi- 
cance of  these  liudings.  At  the  same  time  the  students  are  required  to 
practise  the  best  methods  in  every-ilay  use.  not  only  until  they  under- 
stand them,  but  until  they  can  accurately  use  them.  It  is  the  practical . 
use  of  a  dctennination  or  examination  which  is  emphasized.  I  f  approxi- 
mate methods  will  do,  they  arc  used ;  if  accurate  methods  are  necessary, 
accurate  work  must  Iw  done.  whate\er  the  cost  in  time.  To  use  an 
approximate  method  well  is  far  lictter  than  to  employ  a  more  exact, 
laborious  one  poorly ;  to  do  api>roximate  work  is  not  always  easy  and 
requires  practice ;  to  l)e  able  to  do  .iccnrate  work  well  is  also  required  of 
our  students.  Practice,  experience,  an  exact  knowle<ige,  first  of  the 
IHissibilities  In  a  method,  second,  and  just  as  important,  his  own 
accuracy  in  the  use  of  that  method — these  it  is  the  duty  of  the  clinical 
laboratory  to  give  a  student.  Aliove  all,  he  should  train  his  common 
sense  «» that,  using  his  eyes,  nose,  ears,  and  tongue,  he  can  get  results 
for  which  another  man  would  apply  elaborate  methods. 

The  author  has  Iiccn  careful  not  to  include  new  untried  methods, 
for  of  tliese  Init  a  small  numlier  will  last,  and  a  text-book  should 
contain  nothing  as  yet  not  well  tested  by  friends  and  foes.  It  is  the 
introduction  of  "  new  methods"  which  renders  some  books  even 
dangerous  to  the  man  who  buys  but  one. 

We  do  not  claim  that  with  this  book  alone  the  student  can  study 
clinical  microscopy,  Nt>  subject  in  medicine  is  broa<Icr  or  requires 
more  reference  Ixmks,  for  some  of  the  hardest  chemical  problems  will 
at  times  confront  him,  and  to  iiiter)iret  the  various  artefacts  and  acci- 
dental riiidings  of  the  niicro«roi)e  would  require  a  vast  experience  in 
microscopy,  .iiid  a  knowledge  of  zoology,  iiotany.  and  mineralogy  as 
broad  as  is  the  realm  of  science.  For  who  knows  what  infusoria, 
wliat  diatom,  dtsmid,  or  oilier  protophyte.  the  ovum  of  what  parasite, 
the  wing  of  what  insect,  the  leg  of  what  fly,  the  tissue  of  what  plant, 
the  fibre  of  wliat  meat,  the  seeds  of  what  l»errj-  or  fruit,  may  Ijc  found 
in  spiituin,  stomach  contents,  urine,  or  f.Tces.  from  the  food,  tap-water, 
or  the  contaminations  from  dirty  vessels,  or  from  the  <lust  of  the  air? 
To  Ite  wise  in  the  ]>oiiits  of  difTerential  chemical  and  microscopical 
diagnosis  is  splen<tid :  iKit  to  recognize  artefiicts  ami  cxir.ineous  matter, 
the  stumbling-blocks  in  diagnosis,  that  is  the  true  test  of  the  chemical 
Iat¥>ratory  worlccr.  ami  this  ability  is  gained  by  wide  experience  alone. 
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The  function  of  the  clinical  laboratory  worker  is  to  aid  the  ward 
worker.  The  findings  of  the  former  are  seldom  conclusive,  and  must 
be  interpreted  in  the  light  of  the  ward  findings ;  especially  is  this  true 
now  that  functional  diagnosis  is  the  goal.  The  writer  can  only  give 
to  the  reader  who  has  aspirations  to  be  a  clinical  chemist  and  micro- 
scopist  the  advice  in  substance  which  one  of  Germany's  greatest  clinical 
chemists  gave  him  when  the  latter  regretfully  left  the  little  Swiss 
laboratory  which  had  been  such  a  pleasant  home :  the  clinical  chemist 
must  be  first  a  good  clinician  and  second  a  chemist ;  he  should  remember 
that  even  from  the  laboratory  point  of  view  his  stethescope  is  of  more 
importance  than  his  microscope,  his  percussion  finger  than  his  whole 
outfit  of  chemical  apparatus. 

In  conclusion,  we  wish  to  express  our  indebtedness  to  Dr.  Osier 
for  his  encouragement  and  aid  during  the  progress  of  this  work,  and  for 
his  hearty  co-operation  in  placing  at  our  disposal  the  records  of  the 
medical  wards;  and  to  the  assistants  and  students  of  this  clinic,  for 
whose  aid  I  am  very  grateful,  and  who  are  too  many  to  mention  by 
name  except  Dr.  Thomas  R,  Boggs.  whose  suggestions  and  criticisms 
have  been  so  valuable. 

I  take  this  opportunity  to  thank  the  artists  who  have  done  much 
beautiful  work  for  me — Messrs.  F.  S.  Lockwood,  Hermann  Becker, 
Max  Brodel.  and  Mrs.  Ruth  Huntington  Brodel,  whose  excellent  half- 
tone and  pen-and-ink  drawings  must  be  recognized  by  the  lack  of  her 
signature. 

Charles  P.  Emerson. 

Johns  Hopkins  Hospital,   1906. 
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INTRODUCTION 


The  clinical  laboratory  has  two  special  functions  in  the  medical 
school, — in  it  the  student  learns  the  application  of  physical  and  chemi- 
cal methods  in  the  study  of  disease,  and  in  it  researches  are  conducted 
on  the  innumerable  problems  concerning  etiology,  diagnosis,  and  treat- 
ment. Forming  an  essential  part  of  the  hospital-half  of  a  school,  it 
should  be  close  to  the  wards  and  so  arranged  as  to  have  ample  facilities 
for  the  students  and  for  the  house  physicians  and  others  doing  special 
work.  It  should  be  in  charge  of  a  man  resident  in  the  hospital, 
familiar  with  the  routine  of  the  clinic,  and  in  close  daily  touch  with 
his  chief  and  with  the  assistants.  The  expenses  should  be  shared 
equally  by  the  hospital  and  the  medical  school.  Into  the  details  of 
organization  I  will  not  enter,  but  the  director  of  such  a  laboratory 
should,  if  possible,  have  assistants  thoroughly  trained  in  bacteriology, 
physiological  methods,  and  physiological  chemistry. 

In  i8g6,  through  the  kindness  of  two  ladies,  a  special  clinical 
laboratory  was  built  for  the  students  of  the  Johns  Hopkins  Medical 
School,  which  was  enlarged  two  years  ago  when  the  new  clinical 
building  was  erected.  On  each  of  the  two  floors  about  fifty  students 
are  accommodated  and  there  are  rooms  adjacent  for  special  workers 
and  for  the  assistants.  Dr.  Jesse  Lazear  was  at  first  in  charge,  and 
under  Dr.  Thayer's  direction  the  well-known  researches  of  Macallum 
and  Opie  and  of  Lazear  himself  on  malaria  were  carried  on.  In  1900, 
after  Dr.  Lazear  went  to  Cuba,  we  were  fortunate  enough  to  have  Dr. 
Charles  P.  Emerson  take  charge  of  the  laboratory,  and  to  him  the 
medical  school  is  deeply  indebted  for  the  organization  of  clinical 
laboratory  courses  of  the  most  thorough  and  scientific  character. 

In  medical  education  the  all-important  problem  is  to  give  a  man 
the  knowledge  he  can  use.  In  our  modern  system  much  of  the  train- 
ing is  rendered  tnefFective,  as  it  has  not  been  sufficiently  prolonged 
to  become  part  of  a  man's  intellectual  or  bodily  mechanism.  A  brief 
course  of  six  weeks  on  any  practical  subject  is  almost  useless  and  in 
some  may  be  positively  dangerous.  When  possible,  an  orderly 
sequence  should  be  followed,  so  that  the  work  of  each  year 
shall  supplement  that  of  the  preceding.  In  the  seven-year  course 
laid  down  by  the  Johns  Hopkins  University  a  thorough  laboratory 
training  in  biology,  physics,  and  chemistry  is  given  before  the  profes- 
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sional  work  begins,  so  that  a  man  enters  the  medical  school  proper 
with  a  practical  knowledge  of  scientific  methods  and  of  the  use  of 
instruments  of  precision.  In  his  first  year  of  the  medical  curriculnm 
the  courses  in  histology  and  physiologj'  and  in  the  second  year  those 
in  physiology,  bacteriology,  physiological  chemistry,  and  pathological 
histology  give  him  an  insight  into  the  structure  and  functions  of  the 
body,  and  he  becomes  thoroughly  familiar  with  the  use  of  all  instru- 
ments of  precision.  In  the  third  and  fourth  years  in  the  hospital  side 
of  his  education,  for  which  the  previous  ones  have  been  a  preparation, 
he  must  have  opportunities  to  carry  on  his  practical  work,  and  these 
the  clinical  laboratory  affords.  A  student  who  has  been  interested 
in  the  mysteries  and  mechanism  of  cardiac  rhythm  in  the  physiological 
course  should  be  able  to  take  the  pulse  and  heart  tracings  of  the  first 
case  of  mitral  disease  that  he  meets  in  the  out-patient  department,  and 
the  means  should  be  afforded  him  to  pass  without  a  jar  from  the 
normal  to  the  abnormal. — without,  indeed,  appreciating  that  there  is 
any  difference  in  the  method  of  approaching  the  problems  involved. 
So  too  a  student  should  be  able  at  once  to  attack  his  first  case  of 
diabetes  as  a  problem  in  carbohydrate  metabohsm,  fully  prepared  by 
previous  study  to  approach  it  on  the  clinical  side. 

If  the  curriculum  were  not  so  full,  a  student  could  gradually  work 
out  for  himself,  as  the  patients  came  under  observation,  eve^y  detail 
in  the  application  of  scientific  methods  to  clinical  study,  but  it  is  found 
more  convenient  to  group  them  together  and  prespnt  in  orderly 
sequence  the  subjects  for  study.  Conairrently  with  the  systematic 
instruction  in  the  out-patient  department  which  forms  a  large  part 
of  the  work  of  the  third  year,  a  course  on  microscopical  and  chemical 
methods  is  given,  and  each  man  has  his  own  place  in  the  laboratory 
at  which  he  may  work  throughout  the  j'ear.  This  book  is  the  outcome 
of  the  work  by  Dr.  Emerson  and  his  students  in  this  course  during 
the  past  five  years.  Not  only  does  it  represent  the  results  of  a  very 
large  number  of  careful  obser^■ations  made  in  the  laboratory,  but 
an  analysis  of  many  important  groups  of  cases  in  the  wards,  so  that 
it  illustrates  the  experience  of  the  medical  clinic  of  this  hospital  so  far 
as  it  relates  to  microscopical  and  chemical  methods  of  diagnosis. 
The  work  will  be  found  a  comprehensive  and  trustworthy  guide  in 
all  the  details  of  laboratory  work. 

But  the  aim  of  a  training  such  as  this  book  implies  is  to  send 
out  into  practice  men  able  to  give  patients  the  benefit  of  modern  scien- 
tific methods  in  the  diagnosis  and  treatment  of  disease — men  who  use 
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the  microscope,  who  examine  sputum,  and  who  use  the  stethoscope, 
and  who  can  do  the  routine  urine  and  blood  work  with  confidence. 
The  men  to  study  a  bo(^  of  this  kind  are  the  young  practitioners  who 
are  keeping  up  the  practical  knowledge  obtained  in  the  medical  school, 
and  who  appreciate  a  small  laboratory  as  the  most  valuable  stock-in- 
trade.  As  a  practitioner  becomes  more  and  more  engaged,  he  can 
hand  over  to  an  assistant  the  laboratory  side  of  the  work,  but  it  is 
surprising  how  much  can  be  done  even  by  the  busiest  of  men  if  the 
zvUl  is  there  and  if  the  methods  have  once  been  thoroughly  mastered^ 

William  Osler. 
January  30,  igo6. 
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CHAPTER    I 
THE   SPUTUM 

Introduction — The  examination  of  the  sputum  is  fast  becoming 
a  lost  art.  The  discovery  of  a  few  specific  organisms  and  the  hope  of 
fimUng  more  have  had  as  their  result  the  negiect  of  the  study  of  fresh 
sputum ;  the  many  points  which  observers  of  only  one  generation  back 
carefully  noted  are  now  either  not  looked  for,  or  if  they  are,  are  often 
not  seen;  a  rich  nomenclature  is  forgotten,  especially  the  Latin  por- 
tion, with  the  exception  of  a  few  terms  borrowed  from  the  kitchen. 
Yet,  oil  the  whole,  in  following  a  case  the  careful  study  of  the  sputum 
in  the  fresh  state  is  very  important,  and  the  student  who  is  encouraged, 
even  required,  to  do  this  thoroughly,  will  soon  learn  that  our  fathers 
who  never  saw  a  germ  could  still  diagnose  and  follow  cases  with  an 
acuity  with  which  he  usually  does  not  credit  them. 

In  the  examination  of  fresh  sputum  the  eyes  and  nose  must  be 
traine<l  so  that  the  physician  may  be  able  by  simple  observation  to  form 
a  judgment  concerning  the  nature  of  the  case,  its  .stage,  or  the  com- 
plication which  it  then  presents.  For  these  colors,  characteristics,  and 
structures  do  exist  and  are  to  be  seen;  some  are  important,  and  if 
others  are  not  it  is  well  to  know  that  much;  that  bacteria  in  chains 
are  not  elastic  tissue ;  a  spiral  vegetable  cell,  not  a  parasite.  To  search 
for  a  parasite  is  well,  but  to  draw  expensive  pictures  of  a  few  starch 
granules,  confidently  expecting  that  a  new  one  has  been  discovered, 
means  that  the  fresh  sputum  was  not  systematically  studied  during 
student  days. 

The  sputum  is,  strictly  speaking,  that  substance  or  mass  of  sub- 
stances which  is  expectorated ;  in  a  more  common  and  more  limited 
sense  it  is  that  which  comes  from  the  respiratory  passages,  from 
alve'ili  to  larynx.  In  its  wider  sense,  considering  the  variety  of 
sources  which  may  contribute,  its  importance  is  great;  for  besides 
those  from  all  parts  of  the  respiratory  passages  it  may  contain  con- 
stituents from  the  oesophagus,  nose,  mouth,  or,  through  !>erforation 
into  these,  from  any  neighboring  organ. 

The  presence  of  any  sputum  at  all  is  usually  considered  pathologi- 
cal, and,  as  a  rule,  normal  persons  can  raise  by  coughing  either  nothing 
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or  very  little.  Yet  the  respiratory  passages  are  lined  by  mucous  mem- 
brane with  active  secretory  cells,  and  there  is  always  a  certain  amount 
of  mucus  upon  their  surface,  for  those  living  in  a  trying  climate,  or 
atmosphere  loaded  with  soot,  often  enough  to  be  expectorated,  espe- 
cially in  the  morning  at  which  time  the  cilia  have  swept  to  the  larj'nx 
all  the  dust,  soot,  and  mucus  of  the  day  before. 

This  nioming  sputum  is  small  in  amount,  is  expectorated  in  lumps 
even  the  size  <tf  a  cherry,  tough,  elastic,  gray  in  color  from  the  coal- 
dust,  and  with  often  a  translucency  like  boiled  sago  due  to  myelin. 
Microscopically,  it  is  of  streaked  mucus,  "  the  more  viscid  streaks 
arising  from  the  goblet  cells,  the  watery  from  glands"  (Panizza), 
and  arranged  in  lines  are  epithelial  and  pus-cells  loaded  with  coal  pig- 
ment and  myelin.  In  addition  are  non-nucleated  cell-like  masses, 
probably  degenerated  epithelium,  and  pus-cells  clumped  together  in 
Ijalls,  and,  as  a  rule,  containing  no  pigment. 

When  sputum  is  present  in  pathological  amounts  it  is  raised  by 
coughing,  unless  in  such  amounts  and  with  sufficient  vis  a  tcrgo  as  to 
flow  from  the  mouth.  But  there  are  a  certain  number  of  patients  who. 
although  there  is  sufficient  sputum  for  examination,  persist  in  swallow- 
ing it,  and  these  must  be  taught  to  expectorate.  This  is  particularly 
true  of  children,  persons  of  filthy  habits,  and,  of  course,  partially  un- 
conscious |)atients.  The  doctor  is  rewarded  for  the  time  spent  urging 
those  patients  who  can  to  expectorate. 

One  of  Dr.  Osier's  assistants  created  some  amusement  by  assiduously  sitting 
by  Ihe  bedside  of  a  case  wilh  suspicious  lung  signs  begging  her  to  expectorate.  At 
last  he  got  a  very  little,  but  it  contained  tubercle  bacilli,  and  the  hospital  record  for 
early  diagnosis  of  the  pneumonic  type  of  pulmonary  tuberculosis  was  broken. 

in  some  cases  the  swallowed  sputum  is  obtained  by  washing  out 
the  stomach.  In  children  the  stools  must  be  examined.  In  the  case 
of  young  children  the  point  mentioned  by  Findlay  is  valuable;  the 
finger,  covered  with  gauze,  is  put  into  the  child's  throat  to  stimulate 
coughing,  and  the  sputimi  wipeti  out  with  this  finger  l>efore  the  child 
can  swallow  it. 

The  patient  must  be  carefully  taught  to  avoid  expectorating  saliva, 
nasal  and  pharyngeal  mucus,  etc.,  into  the  cup. 

Amount — Some  general  idea  of  the  qitantity  expectorated  is 
always  necessary.  The  accurate  measurement  of  the  twenty-four  hour 
amount,  though  rarely  valuable,  is  often  of  aid  in  following  a  case. 

In  some  cases,  although  rare,  with  severe  cough,  the  sputum  is  so 
small  in  amount  ami  so  viscid  that  there  is  practically  none  obtained. 
Such  are  cases  of  "  dr\'"  bronchitis,  diffuse  hronchitis,  Ijeginning  tu- 
Iwrculosis,  rare  cases  of  lobar  pneumonia,  and  of  caseous  pneumonia. 
Very  nuicb  is  present  in  certain  cases  of  chronic  hronchitis,  advanced 
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tuberculosis  with  large  cavities,  bronchiectasis,  gangrene  of  the  hmg, 
cedema;  in  heniorriiage.  perforating  pleural  exudate,  and  hmg  abscess 
the  blood  or  pus  may  pour  from  the  mouth,  or  even  drown  the  patient. 
After  too  rapidly  or  thoroughly  tapping  the  chest  the  amount  of  albu- 
minous sputum  may  be  great. 

The  clinical  chemist  engaged  m  metalwlisni  experiments  must  re- 
member to  take  an  abun<!ant  sputum  into  account,  since  the  amount  of 
nitrogen  thus  eliminated  may  be  even  5  per  cent,  of  the  total  output. 

Consistency. — Generally  speaking,  this  varies  inversely  as  the 
amount,  except  in  pneumonia,  in  which  case,  although  abundant,  it 
will  not  drop  from  the  inverted  cup.  In  true  bronchial  asthma  dur- 
ing the  first  of  the  attack,  acute  bronchitis,  and  pertussis  it  may  be 
very  tenacious.  As  a  rule,  this  characteristic  is  due  to  mucin.  The 
explanation  in  the  case  of  pneumonic  sputum  with  little  mucin  is  not 
so  easy,  since  the  water-content  is  so  high.  It  is  ascribed  to  the  nu- 
cleins  present  in  abundance,  and  these  in  alkaline  medium.  On  the  con- 
trary, when  there  is  little  mucus  and  muclfwater,  as  in  cedema  of  the 
lungs,  or  pus  poured  from  a  bronchial  tree  denuded  of  its  mucous 
m  e  m  b  r  a  n  e,  it  is  very  watery. 

Reaction^ — When  fresh,  the  sputum  is  alkaline  in  reaction.  That 
which  has  stood  some  time  in  the  cup,  or  sputum  which  has  stagnated 
in  the  body,  is  acid. 

Character — Mucoid  sputum  is  glairy,  transparent,  and  tenacious. 
If  acetic  acid  be  added,  it  becomes  cloudy  (due  to  the  mucin).  Such 
sputum  is  seen  in  acute  bronchitis,  pertussis,  and  early  in  asthma. 

A  MUCOPURULENT  SPUTUM  is  One  in  which  there  are  enough  pus- 
cells  to  change  the  color  macroscopically.  There  is  every  gradation 
from  one  almost  mucoid  to  pure  pus.  Small  amounts  of  pus  give  a 
whitish  color,  more,  a  yellow  or  yellowish-green,  the  exact  reason  of 
which  is  uncertain.  There  are  two  varieties  of  mucopurulent  sputum ; 
in  the  one  the  body  of  the  sputum  is  pure  mucus,  and  in  it  are  sus- 
pended streaks  and  dots  of  pus.  In  the  other  obtains  a  homogeneous 
mixture  of  mucus  and  pus,  yet  not  enough  of  the  latter  to  merit  the 
use  of  the  term  purulent.     Such  sputum  is  only  slightly  opaque. 

Purulent  sputum  is  said  to  differ  from  pure  pus  only  in  the 
tenacity  due  to  mucus;  but  this  distinction  is  artificial,  since  in  bron- 
cho-blenncrrbrea  there  is  little  normal  mucous  membrane  left.  Pure 
pus  may  constitute  the  sputum  in  ruptured  empyema,  abscess  of  lung, 
rupture  of  an  abscess  of  a  neighboring  organ  through  the  lung,  trachea, 
cesophagus.  or  nasal  passages. 

Sebous  sputum  is  colorless,  and  very  frothy  from  the  high  per- 
centage of  albumin.  It  is  .seen  in  rcdema  nf  the  Umg,  perforating 
serous  pleurisy,  and  in  rare  cases  following  thoracentesis. 

Color. — Bloody  sputum  may  be  almost  pure  blood,  or  gain  the 
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name  from  its  slight  lA'^jtisaining.  It  is  totmd  after  tiauma.  hemor- 
rhage infarction  of  the  lung,  gangrene,  early  in  acute  lobar  and  also 
ca,i<«u,^  pneum'fiiia.  pulmonarj-  tuberculosis,  tumors  of  the  lung,  in- 
tense chronic  passive  congestion,  and  "  weeping"  aneurism.  As  a  rule, 
the  hi  y>J  is  mixed  with  mucu^,  hence  is  covered  Im>'  a  frothy  layer. 
The  LWjtA  may  be  due  to  diapedesis  or  to  the  rupture  of  a  vessel. 
Henv»rrhagic  sputum  is  in  the  former  case  a  sign  of  severe  inflamma- 
tion of  the  lung,  but  of  no  one  disease  i  see  page  7^)- 

Sputa  colored  by  the  dcrh-atKvs  of  htrmoglobin  may  be  of  almost 
any  color.  Formerly  it  was  taught  that  varying  amounts  of  blood 
couH  explain  this  varietj-  of  colors,  but  Traube  proved  that  unchanged 
bi'r^i-ceiLs  cr^uld  give  only  a  red  color  or  reddish  tini.  Blood-cells 
retained  in  the  lung,  either  in  alveoli,  bronchi,  or  tissue,  s<x>n  lose  their 
hasnvjglobin.  and  the  various  oxidation  products  of  this  can  give  that 
wide  range  of  color  seen,  for  instance,  in  a  subcutaneous  bruise; 
various  shades  of  red.  brown,  green,  orange,  yellow,  chocolate.  .\  few 
ccIIt  may  Ije  found,  but  thev'  are  pale  and  swollen.  The  best  example 
i-i  the  typical  rusty  sputum  of  pneumonia,  the  color  of  which  is  due  to 
an  unknown  derivative  of  haemt^lobin.  but  the  sputum  may  be  any 
sha'ie  of  green  or  yellow,  red.  or  brown,  .\lter  hem-^rrhage  into  the 
lung-tissue,  cavities,  or  alveoli,  and  the  diapedesis  occurring  in  chronic 
pa'isive  congestion  due.  for  instance,  to  mitral  disease,  there  may  be 
sufficient  eriithelial  cells  loaded  with  granules  of  clianged  blood  pig- 
ment Vi  give  a  characteristic  light  brown  color  to  the  sputum.  In 
de^truaive  processes  there  is  sometimes  sufficient  haematoiuin  present 
Vi  give  the  sjnitiim  a  dirty  brown  color.  Such  is  the  case  in  gangrene, 
al/^es".,  iniarcti'^m,  and  chronic  passive  congestion.  These  crj-stals 
may  literally  fill  the  sputum. 

Bile  pii^menls  are  present  in  the  sputum  in  case  a  Hver  abscess  per- 
forates through  the  lung  or  the  person  is  jaundiced,  but  except  in 
icterus  the  term  "  jaundiced"  should  not  be  used.  It  is  granted  that 
chemically  the  difference  between  the  pigments  of  bile-stained  and 
similarly  ajipearing  sputum  with  oxidized  h.-emc^Iobin  is  nil.  and  this 
may  (»e  true  of  h^ematoidin.  but.  clinically,  the  difference  between  these 
sputa  is  t'lf)  important  to  neglect. 

.\s  GREE.v  SPLTA  are  of  such  importance  they  should  be  grouped 
together.  When  a  patient  is  jaundiced,  the  pure  mucoid  sputum  of  a 
bronchitis  f'""  example,  may  l)e  of  3  fine  grass-green  color.  In  such 
cases  it  is  the  oxidized  bile  pigment  which  gives  the  tim.  But  when 
no  jaundice  is  pr^ent,  exaaly  the  same  color  (due  to  the  same  pig- 
ment, iierhaps.  but  with  a  verj-  different  significance)  is  sometimes 
seen.  This  occurs  in  ordinary  croujwius  pneumonia  during  lysis,  in 
which  case  the  pigment  is  oxidized  before  expectorated,  a  process  for 
which  there  is  hardly  time  in  an  ordinarily  shaq)  attack;   pneumonia 


ending  in  abscess:  and  subaciilc  caseous  pneumonia.  Il  is  interesting 
that  Traubc.'  who  first  called  aucntinn  to  these  green  sputa,  pives 
illtistrattoiis  of  casvous  pnciiniouia  alone.  In  the  five  cas«s  lie  cited  it 
was  an  early  fe:iture  in  three,  lasting  uvo  to  five  days,  in  two  for  two 
weeks ;  il  did  not  rciiuin  green  in  any  case  tilt  death ;  in  one  case  th« 
onset  of  a  fresh  involvement  was  accompanied  hy  a  return  to  nisty 
sputum.  In  some  cases  of  certain  green  Inmors  (chloronia)  of  the 
lung  there  is  green  sputum;  finally,  certain  chromogeiiic  haclcria  may 
explain  the  color. 

Among  tlie  other  appearances  of  the  sputum  may  be  mentioned  the 
black  sputum  of  anthkacosis,  found  esiwcially  in  coal-miners,  hut  to 
a  lesser  degree  in  all  city  residents,  The  sputum  is  stained  by  the 
particles  of  inhaled  cnal-dust.  Some  Insist  that  it  is  only  the  dust  *■« 
roii/f  to  the  lung  which  is  gathered  by  the  jthagncytic  cells  and  expec- 
torated, hence  should  the  person  move  to  a  liKiility  without  that  dust 
the  sputum  wouk)  soon  Ijc  free,  no  matter  how  loaded  the  lymphatic 
chamiels  of  ihe  lung  might  he.  and  a  reinrn  or  continuance  of  the 
I>ipnicnte<I  sputum  would  mean  the  presence  of  a  destnictive  process. 
Yet  some  cixil-ininers  without  any  susjiicion  of  tutierculosis  have  black 
sputum  for  years  after  they  have  given  up  that  occupation  (Osier). 
Among  tltc  other  pneumoconioses  are  smEROsis.  in  which  the  sputum 
is  stained  red  with  the  ferric  oxide  inhaleii  by  mirror  ]H)lishers :  work- 
ers in  iM-ass  an<l  bronze  have  a  sputum  stained  by  metal :  those  inhal- 
ing mineral  dust  suffer  from  cuALrcnsis.  "  slone-cutters'  phthisis." 
"  grinders'  rot."  and  expectorate  much  of  that  dust ;  this  condition  is 
CMininon  among  the  stone-hewers  who  work  with  sandstone,  and  hence 
cases  are  fre<iuent  in  the  Strasshurg  clinic.  The  chest  is  retracted, 
since  the  large  amount  of  dnst  leads  to  malnutrition  of  the  lung.  In- 
leciion  <if  the  lung  is  easy,  local  gangrene  eviii  with  pneumothorax 
may  result.  'Iliey  may  give  a  long  history  of  Iwmopiysis  without 
tuf>erctil<>sis,  but  sooner  or  later  all  twcmne  tuberculous.  Workers 
with  idir.-uuarine  blue  or  methylene  blue.  i>r  similar  (lye-ix>wders.  have 
deeply  staineil  sputum.  Millers  and  bakers  expectorate  doughy  nwsses. 
and  llie  spniuui  of  cotton-mill  operatives  is  often  full  of  that  fibre. 

Hie  oliserver  must  not  l>c  deceived  by  various  vegetable  or  animal 
fibres,  or  by  food  or  drink  mixed  with  the  sputum.  Milk,  eggs,  wines, 
coffee,  chocolate,  tobacco,  licorice,  and  various  medicines  am  confuse 
one. 

Finally,  chroniogenic  bacteria  may  change  much  the  appearance  of 
sputum.  esjMTcially  in  summer. — e.g..  bacillus  virescens,  pytxTx-aneus, 
and  many  others.  Sometimes  in  a  "  sputum  cup  ward  infection"  the 
cups  in  a  series  may  show  the  presence  of  these  organisms.  The 
sputtim  when  expeclorated  will  of  course  not  be  thus  colored. 
'  GcMm.  Beitr..  ji,  p,  699'  1871. 
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AiB  is  present  m  the  sptmsn  m  vari'yas  anvyants  and  in  babbles  of 
varJ-jQi  sizc^.  Fpxn  tfc<  ^ize  of  the  a:r-babbl«s  can  in  a  general  way 
be  dei^TTnined  the  'ize  -^i  the  bronchi  in  which  the  ~patuni  n-as  formed, 
aiy!  the  etfon  req-^irer!  to  expel  it.  Spamm  irom  ca^-ities  and  tai^c 
bror.chi  contair^  n>:-  air.  and  hence  sinks  in  water.  This  "  sputum 
far.dum  petens"  was  lormerlv  eivea  an  overrated  diagnostic  \-alue, 
siixe  :t  was  supposed  to  indicate  a  ca\-iiy. 

Tbe  layer  fomiaAicio  of  spanim  i~  -i-i  value.  In  certain  conditions, 
especs-Iy  br:.nch.-.irThcca.  br-;xKhi«ctasis.  putrid  brt-odiitis,  and  gan- 
grene of  the  iur.g,  the  sputum  is  alxriKlam.  and  in  a  tall  jar  will  sepa- 
rate into  three  layers. — an  upper  of  fpxhy  nnxms.  a  lower  of  morpho- 
logical elar.ents.  pus,  tissue  shreds,  detritus:  and  a  middle  of  the  pus 
serum,  usually  an  T^iaque  water>-  Auid-  Often  a  foorih  layer  just 
under  the  mucus  oiinsisc:^  of  the  materia!  of  the  sediment  and  hangs  in 
Itjog  shreils  d.  -wr:  thr.xigh  the  pus-serum. 

Odor, — Ortiinarily  the  ^^num  when  fresh  has  almost  no  odor. 
Sputum  all-wc!  to  stand,  or  th^at  which  has  stagnated  in  the  body, 
soon  gains,  or  has  when  expect->rated,  a  *-ery  positive  od-^r:  that  of 
tubercul- -?:s  an*!  br- -rBrhiectasis  is  heavy,  sweet.  :irA  penetrating;  that 
of  a  peri:rai:ng  onpjTcma  is  said  to  resembie  o'd  cheese;  that  of  putrid 
br':<ich:tis  and  many  cases  of  br-tr.ch:ectasis  is  fetid:  thai  of  gangrene 
is  csualTy  the  w-'-rst  of  al!.  The  -.xlor  of  the  breath  has  some  im- 
portance, especra^'y  in  tuberculosis,  tor  it  may  be  fouler  than  the 
spursn  ■-  the  cup,  perhaps  owing  to  the  fact  that  the  warm  sputum  in 
the  t>:<:y  sceT:ts  the  a:r  n>.Te  than  when  c~-'d,  in  which  case  it  may  be 
odorless.  Sr^r.e  have  claimed  to  have  liiagri'i^ied  sn-^!  caWties  by  this 
sign  before  ;!-ey  cvtjM  have  been  dis<v>vered  by  physical  examination. 

UacTQScofnc  Coostitaents. — Sm.xll  sx.\s5ES  of  Pfs  are  common, 
wh-ise  size  in^iicates.  to  a  certain  degree,  the  size  of  the  bronchi  from 
»-h;ch  they  ari^e. 

Fii.\GMESTS  OF  XEiTRoriiT  TiSiSiE  vXTur,  s-.'^iietinies  large  in  abscess 
and  gangrene  /f  the  tung.  but  smjiH  in  tuberrurosis  in  which  disease 
large  masses  are  rare  except  perhaps  frxn  the  waH  of  a  cavit>-  aroimd 
which  is  s-.:ch  active  pT^->':!erati.in  ■>:  connective  tissue  that  the  necrotic 
tissue  is  dissecting  free.  The  great  tnaiority  or  the  fragments  are 
aln>>st  a:  the  hniit  of  gross  vision.  Tr.e  fragments  from  an  abscess 
are  permeate'!  by  pus-ceV.s.  hence  are  ye'.'ow  iu  c^'or;  thi*?e  friMU  other 
o:nditi--ns  are  '.iark  from  c;:,iTige\'.  b!».!.  whi>  the  smaller  ones  are 
black,  often  from  c  a:  pigment.  The  rec-.^-gi-.iiion  of  even  the  smallest 
is  :m[»nant-  since  i"  them  o:-.e  h.as  the  ->est  chance  of  nnding  elastic 
dssue. 

If  the  spnr,:n-.  be  svr,;ce.-e\!  -v,;:  VtMce:-.  twv>  !>'.a:es,  these  small  frag- 
ments can  be  seen  as  ye"owi>h..  often  piirtt^etttev;  threads,  for  the  most 
part  just  on  the  limit  of  vision  whi^e  SiMi:e  are  even  j  cm.  long:   or 
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35  masses  from  those  very  minute  tn  those  the  size  of  a  pea.  Tlic 
seardi  is  iiuicli  facilitated  by  a  small  haiid-lciis.  Tlicy  are  found  in 
the  greatest  numlwrs  in  the  niiiiimuhir  ma.>ues  from  a  tuherciilnits 
cavity.  Necrotic  fragments  of  cartila};c  from  tubci^ulous  ulcers  of 
lar)iix.  trachea,  or  bronchi  are  sometimes  foimd,  Tumor  fragments 
should  be  looked  for. 

DiTTkitH's  I'LL'GS  atc  boclics  of  considerable  interesl,  'Hiey  are 
sausage-shaped  casts  of  bronchi,  varying  in  size  from  very  smal)  to 
those  the  size  nf  a  hcan.  but  the  majority  from  that  of  a  millet-  to  a 
mii!ttard-sced.  The  smaller  arc  of  an  opaipie  yellowish-white,  the 
larger  of  a  dirty  gray  color.  If  crushed  Ijetwcen  the  finger-,  they  arc 
found  to  have  a  horrible  stinking  odor.  Microscopically,  they  consist 
for  the  most  |)art  of  zooglia  of  bacteria,  fatty  acid  crystals,  fat  droplets, 
and  cell  detritus.  Few  cells  arc  cont.Tine<l,  cxcejit  in  some  a  few  leuco- 
cytes indicating  perhaps  that  the  plug  is  fresh.  PiKincnt  granules. 
fmginenie<l  red  cor|)nscle'*.  h;eniatr)idin  crystal.*,  flagellates,  and  a  lep- 
tothrix  taking  a  fine  blue  with  iodine  solution  and  not  yet  well  studied, 
have  been  found.  The  fatly  acid  crystals  of  the  larger  plugs  are  long 
and  curve<l.  while  th<ise  of  the  shnrtcr  are  fine  needles.  These  plugs 
occur  in  any  putriil  disease.  esiKrctally  putrid  bronchitis  and  bronchiec- 
tasis, in  which  case  ihey  are  especially  large.  How  the.«c  are  formed  we 
do  not  know  (  HnfTmann).  Similar  pings  arc  <lerivcd  from  the  cryjits 
of  the  noniial  tonsils,  and  csi»;cially  in  ca»e  of  follicidar  tonsillitis. 
These  arc  of  hecch-nut  sliape. 

Cukschmann's  spiR.MJi  are  |>crhaps  the  most  b«uitiful  structures 
found  in  the  sputum.  They  occur  at  some  time  in  practically  every 
case  of  true  hrfmchial  asthma,  and  have  been  reported  present  in  acute 


Fin.  I.— A  *i>JmI  thraidM  (nucut  Irom  Uimpulum.     ■  y 

bronchitis,  acute  lobar  pneumonia,  chronic  pulmonary  uiberculosis.  and 
in  rare  interesting  cases  which  seem  to  stand  l>etwccn  bronchial  asthma 
and  fibrinous  bronchitis,  in  whifli  arc  expectorated  small  fibrinous  oists 
with  a  few  typical  spirals  directly  continwius  with  the  lips  of  their 
branches.  Curschmann  considered  the  spirals  due  to  a  bronchiolitis 
exudativa.    ( For  a  description  of  these  spirals,  sec  page  fia.)     In  some 
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aputa  ojarse  strands  of  mucus  and  pus  may  be  t«-istal  into  a  spiral 
shape  I  see  Fig.  i  > . 

FiBRivoL'B  Strlctl'res. — L'ndef  this  head  we  include  all  struc- 
tures ordinarily  thus  termed,  although  in  some  the  presence  of  fibrin 
is  rather  di'nibttul. 

The  pseudomembranous  casts  of  diphtheria  are  sometimes  present 
in  the  sputum.  If  from  the  throat,  !ar>-nx.  or  trachea,  they  are  in  un- 
formed masses,  but  if  from  the  bronchi,  may  form  arborescent  casts, 
fff/m  the  size  of  which  may  easily  be  judged  the  extent  of  the  process. 
These  are  whitish  in  cfilor  and  contain  many  epithelial  cells.  In  pneu- 
monia casts  of  smaller  bronchi  are  found  verj-  often  if  one  takes  the 
trouble  to  search  for  them  (  see  page  58J.  These  arc  more  brownish  or 
redrlish,  and  contain  blood  and  many  leucocjtcs.  The  most  beautiful 
casts  fjccur  in  the  chrome  idiopathic  fibrinous  bronchitis  (  see  page  70). 
Acute  fibrinous  bronchitis  accompanies  various  fe\ers,  Ij-phoid,  ery- 
sipelas, measles,  smallpox,  scarlet  fever,  acute  articular  rheumatism, 
also  exophthalmic  goitre,  pulmonary  tuberculosis,  mitral  disease;  in 
the  rare  albuminous  expectoration  after  thoracentesis,  and  after  the 
inhalation  of  irritating  vapors  and  gases,  similar  casts  have  been 
found.    Bettmann  '  gives  a  good  review  of  the  subject. 

In  addition  to  well-formed  arborescent  casts  occur  unformed 
masses  of  similar  nature,  evidently  also  from  the  bronchi.  These  were 
perhaps  expeaorated  before  a  definite  cast  could  be  formed. 

That  much  of  this  material  is  fibrin  is  ver\-  doubtful.  The  tests 
generally  applied  are :  the  physical  properties  of  the  mass  ( color,  tough- 
ness, etc. ) ,  the  fact  that  it  swells  and  clears  in  acetic  acid  ( which  pre- 
cipitates mucin  |.  and  the  rapid  effervescence  on  the  addition  of  hydro- 
gen peroxi'le.  Hirschkowitz.  in  one  from  a  case  of  tuberculosis,  found 
only  fibrin  present. 

Casts  formed  of  the  niyccliunt  of  fungi  ha\e  been  found.  In 
Osier's  case  the  small  cast  consisted  of  the  mycelium  of  some  form 
of  the  aspergillus.  Casts  due  to  a  similar  parasite  were  expectorated 
for  years  by  the  case  reported  by  De\iners  and  Renon.' 

Lung  Stones. — This  name  is  applied  to  almost  anything  having 
the  appearance  or  consistency  of  a  stone.  Theoretically,  they  could  be 
cartilaginous,  osseous,  or  calcareous,  but  to  the  last  alone  is  the  term 
strictly  applicable. 

Enchondromala  and  osteoinata  of  the  bronchi  and  lungs  are  found 
at  autopsy,  but  among  Poulalion's  cases  (These.  Paris,  1891)  we 
could  find  mention  of  none  in  which  they  were  expectorated.  Neither 
do  we  know  of  any  case  in  which  the  stone  has  arisen  in  a  calcified  in- 
farct, nodule  of  bronchopneumonia,  miliary  abscess,  pseudotubercle  of 

'  Am.  Jour.   Med,   Sci,,   February,   1902. 
■La  Presse  Med,,  1899. 
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actinomycosis,  cladothrix.  or  moulds,  nor  from  the  calcified  wall  or 
contents  of  a  cyst  or  tumor,  although  at  autopsy  such  concretions  are 
found. 

Frankel  mentions  one  case  in  which  the  stone  was  a  fragment  of 
the  bronchial  cartilage  which  had  become  calcified  and  then  dissected 
free,  and  Hoffmann  one  of  a  calcified  blood-clot. 

Lung  stones  are  in  the  great  majority  of  cases  due  to  tuberculosis. 

The  Bronchioliths  are  formed  by  the  deposit  of  salts  in  the  stag- 
nated contents  of  a  bronchus  or  broncbiectatic  cavity.  They  may  be 
from  smaller  or  larger  bronchi.  One  would  expect  them  to  be  arbo- 
rescent, but  for  the  most  part  they  are  irregular,  jagged,  from  the  size 
of  a  millet-seed  to  a  nut.  They  may  be  chalky  or  stony  hard.  As  a 
rule,  they  are  single  or  at  most  two  or  three  in  number,  but  sometimes 
several  hundreds.  Poulalion  suspects  that  these  great  numbers  are 
fragments  of  larger  stones.  Some  "  resembling  coral,  finely  ramified, 
and  very  hard"  have  been  described.  In  one  case  the  stone  weighed 
0.47  gm.  and  had  ten  or  twelve  branches.  In  Atlee's  case^  the  stone 
was  three-quarters  of  an  inch  long  and  one-quarter  of  an  inch  wide  at 
the  larger  end, 

Pneumolitbs  may  be  calcified  caseous  areas,  which,  treated  as  for- 
eign bodies,  ulcerate  into  a  bronchus,  or  the  contents  of  a  closed 
cavity  which  become  impregnated  with  lime  salts  and  then  set  free. 
Another  source,  perhaps  a  common  one  especially  in  those  cases  in 
which  the  lung  parenchyma  was  normal,  are  the  calcified  bronchial 
lymph  glands.  Of  the  pneumoliths,  there  are  two  distinct  varieties, — 
the  cretaceous,  of  chalky  consistency,  and  the  calcareous,  small  as  a 
rule,  hard,  and  with  a  rough,  rounded  surface.  Their  size  varies  from 
that  of  a  millet-seed  to  a  pigeon's  egg. 

Chemically  lung  stones  consist  of  calcium  and  magnesium  as  bases 
with  carbonic,  phosphoric,  and  sulphuric  acids,  also  traces  of  ferric 
oxide  and  other  metals.  Their  composition  varies ;  in  some,  one  or 
another  salt  predominating  in  a  large  mixture,  while  others  seem  com- 
posed of  but  one  calcium  salt.''  Unless  branched,  or  a  soft  cretaceous 
stone  with  considerable  of  the  tissue  structure  remaining,  it  is  quite 
impossible  to  tell  its  source.  In  some  cases  they  are  expectorated  in 
great  numbers,  even  200  and.  in  one  case,  500.  Since  their  occurrence 
is  so  rare,  and  in  those  cases  in  which  they  do  occur  they  are  so  marked 
a  feature,  the  condition  formerly  termed  "  pseudophthisis  calculosa." 
Hoffmann  and  others  consider  it  necessary  to  assume  a  constituti<)nal 
abnormality,  an  increased  excretion  of  lime  salts  through  the  lungs. 
In  these  cases  the  "  hfemoptysis  calculosa"  is  often  a  feature  of  the 

'  Am.  Jour.  Med.  Sci,,  vol.  cxxii..  1901. 

*See  Stern,  Deutsch.  med.  Wochnschr.,  1904,  No.  39;  Carlyon,  Brit  M<d.  Jour., 
1890,  ii.  p.  147+ 


26 


CLINICAL   DIAGNOSIS 


"  bronchial  colic"  accompanying  the  expulsion  of  the  stone,  and  is  due 
to  trauma  of  the  mucosa;  while  usually  not  abundant  it  may  be  ex- 
treme. Abscess,  gangrene,  or  pneumothorax  may  result  from  the 
presence  of  these  stones.  Some  concretions  have  a  foreign  body  as  a 
nucleus,  a  cherry-stone  or  a  grain  of  wheat.  In  others  the  lung-tissue 
impregnated  with  the  salts  remains,  and  when  decalcified  the  structure 
of  the  lung,  even  with  some  few  remaining  nuclei,  may  be  seen  in  the 
sections,  and  the  tubercle  bacilli  demonstrated. 

Among  FOREIGN  bodies  expectorated  may  be  mentioned  teeth, 
cherry-stones,  and  coins. 

Fragments  of  the  wall  of  echinococcus  cysts  or  the  daughter  cysts 
themselves  may  be  expectorated. 


Hlu.  J. — Ehtiancoui  mailer  common  in  the  sputunir  Threads  ol,  A.  tinenj  B,  lilk;  C,  coUoii  -,  D. 
vrool  i  E,  ilarch  gratiulea;  F.  guard  ceHa  from  a  Ittlucr  leal »  G,  tqiiHinnu&  e^fkhcUiim  from  longiie,  wUh 
bacteria  Bttached  1  H ,  tobacco,  showing  the  BUrlace  of  the  leal,  the  la r^e  cells  stored  with  oil,  and  a  spine 
from  the  surface.    X  soo- 


Microscopical  Examination. — The  microscopical  examination  of 
the  fresh  sputum  is  easy,  valuable  often,  but  very  much  neglected.  The 
technic|ue  is  of  course  simple.  A  little  sputum  is  spread  upon  a  plate, 
the  base  of  which  is  half  black,  half  white,  and  the  interesting  particles 
chosen  and  squeezed  between  the  cover  glass  and  the  slide.  Thin 
specimens  are  essential.  The  fir.st  point  of  importance  is  that  the  ob- 
server recognize  at  a  glance  the  extraneous  structures,  and  these 
are  many  in  number.  Among  them  may  he  mentioned  almost  any  of 
the  food-stuffs,  but  particularly  fragments  of  bread,  bits  of  orange- 
puJp  or  other  fruits,  drops  of  milk,  ]x>rtiuiis  of  jams  and  preserves,  the 
skin  of  fruits,  portions  of  tobacco,  etc.,  portions  of  meat  in  which  is 
elastic  tissue,  and  fragments  of  vegetable  leaves.  In  addition,  it  is 
im]>ortant  to  recognize  various  threads,  particularly  fibres  of  linen, 
cotton,  wool,  and  silk,  and  small  fragments  of  paper  (see  Fig.  2). 
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Pus-cells. — Thin  smears  of  sputum  may  be  treated  like  blood 
smears  and  stained  with  the  same  stains,  especially  the  methylene  biue- 
eosin  mixtures. 

The  pus-cells  are  usually  poiymorphonuciear  neutrophiles.  They 
are  spherical  in  shape,  of  from  7  to  10  microns  in  diameter.  These 
granular  cells  are  often  filled  also  with  fat  globules  or  pigment  gran- 
ules ;  in  some  glycogen  may  be  demonstrated.  In  asthma  the  eosino- 
philic cells  usually  predominate,  and  one  may  search  long  for  any  other 
form.  The  diagnostic  value  of  these  cells  in  tuberculosis  has  been 
much  disputed ;  there  is  a  form  of  bronchitis  which  has  been  known  as 
■'  eosinophilic  bronchitis,"  so  many  such  cells  are  present.  Hilder- 
brandt "  holds  that  they  are  of  such  common  occurrence  that  their 
presence  speaks  neither  in  favor  of  asthma  nor  against  tuberculosis. 

The  various  epithelial  cells  are  important.  Since  these  come 
from  several  sources  various  forms  may  be  expected  and  their  origin 
should  be  recognized.  Paz'ement  epithelium  may  come  from  the  mouth, 
the  pharyn.\,  and  the  respiratory  tract  as  low  as  the  vocal  cords.  It  is 
a  very  valuable  lesson  for  the  student  to  scrape  from  the  surface  of  the 
tongue  by  means  of  a  cover-glass  a  little  of  the  superficial  epithelium 
and  study  the  masses  of  epithelium  covering  the  villi,  to  which  are 
attached  large  zooglia  of  bacteria.  Cylindrical  cpilhcHum  may  come 
from  the  nose  or  bronchial  tree.  While  the  cylimlrical  epithelium  cells 
from  the  trachea  and  bronchi  are  both  goblet  and  ciliated  in  the 
sputum,  the  majority  soon  lose  their  original  shape  and  can  merely  be 
recognized  as  cylindrical  cells.  These  occur  early  in  bronchial  catarrh, 
and  later  are  replaced  by  pus-cells.  It  is  seldom  that  cells  which  are 
actually  ciliated  are  seen  in  the  sputum  except  in  asthma,  ulcerative 
processes,  and  recent  bronchitis.  In  a  recent  case  of  asthma  small 
clumps  and  a  rather  large  sheet  of  cylindrical  epithelium  were  found. 

The  ALVEOLAR  EPITHELIAL  CELLS  are  important  because  of  their 
considerable  number  in  nearly  every  sputum  examined,  even  of  normal 
persons,  since  they  are  desquamated  as  from  all  epithelial  surfaces;  and 
because  of  the  large  variety  of  forms  which  they  may  assume,  some  of 
which  it  is  very  difficult  to  recognize.  Every  observer  is  pretty  certain 
to  be  deceived  once  or  oftener  by  these  cells.  In  general,  they  may  be 
said  to  be  from  four  to  five  times  the  size  of  a  leucocyte,  oval,  with  a 
coarsely  granular  protoplasm  and  one  or  more  large,  oval,  vesicular 
nuclei.  They  are  found  in  normal  sputa,  as  well  as  in  almost  every 
other  condition.  Their  large  number  in  bronchitis  would  indicate  some 
intimate  pathological  relation  between  the  bronchi  and  the  alveoli. 
They  are  most  numerous  in  inflammatory  processes  of  the  hmg,  and 
especially  in  tuberculosis,  where  they  may  fill  the  alveoli,  although 
retained  here  and  hence  do  not  appear  in  the  sputum.  These  cells  are 
'Munch,  med,  Wochnschr.,  1904,  No.  3. 
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amoslroid  on  the  warm  stage,  and  would  seem  to  be  important  phago- 
cytes in  the  lung.  Formerly  their  origin  was  disputed,  but  now  it  is 
agreed  that  they  arise  in  the  alveohJ  The  inclusions  of  these  cells 
are  many.  Coal  pigment  (see  Fig.  3.  a)  explains  the  black  granules 
present  in  all  morning  sputa  of  even  normal  persons,  representing 
the  inhaled  dust  of  the  day  Ijcfore.  The  origin  of  these  black  granules 
was  long  in  dispute,  until  in  one  cell  was  found  a  granule  in  which 
the  structure  of  wood  was  unmistakable.  This  patient  had  evidently 
inhaled  charcoal  dust.  These  pigmented  cells  are  often  present  in 
large  numbers,  and  give  the  sputum  a  smoky,  grayish,  or  dirty  green 
color.  When  present  in  large  numbers  in  certain  diseased  conditions, 
the  old  temi  "  phthisis  melanotica"  was  applied.  Some  of  these  alveo- 
lar cells  are  filled  with  smaller  or  larger,  very  retractile,  round,  fat 
globules  (see  Fig.  3.  j).  Myelin  globules  are  irregular  in  shape,  not 
l)erfectly  spherical,  often  presenting  concentric  lines,  with  very  little 
refractivity,  and  of  a  dull  greenish  or  blue  appearance.  They  may 
be  few  in  number  or  fine,  filling  the  cell ;  or  one  may  occupy  the  most 
of  the  ceil  (see  Fig.  3.  h).  Some  think  these  represent  the  products 
of  degenerated  protoplasm ;  others  that  they  are  a  normal  secretion 
of  the  bronchial  mucosa  which  these  ])hagocytes  accumulate ;  *  others 
that  they  arise  from  the  goblet-cells,  but  the  absence  of  the  free 
granules  in  the  nasal  and  pharyngeal  mucus  speaks  against  this. 
When  large  groups  of  these  cells  are  present,  as  in  normal  morning 
sputa,  in  .some  cases  of  bronchitis,  acute  or  chronic  influenza,  and 
sometimes  pneumonia  during  resolution,  and  especially  the  "  desqua- 
matory  catarrhal  pneumonia,"'  the  sputum  contains  small  lumps 
markeilly  resembling  Ixiiled  sago,  hence  the  name  "  sago  granules." 
Prec  myelin  may  occur  in  large  amounts  as  sharply  defined,  palely 
refractive  flrops  of  very  different  sizes  and  peculiar  shapes  (see  Fig. 
3.  /).  It  was  to  these,  from  their  resemblance  to  the  myelin  globules 
of  nerve-tissue,  that  \'irchow  gave  the  name  "  myelin  drops."  Wliile 
the  term  "  myelin"  carries  with  it  no  hint  of  the  chemical  nature  of 
the  <lro])lets  which  are  seen  in  the  sputum,  urine,  stools,  or  nervous 
tissue,  since  substances  of  very  various  nature — fatty  acids,  oils,  neu- 
tral fats — can  give  droplets  of  just  this  appearance  (Liebreich).  F. 
Miiller  and  his  students  think  that  those  of  the  sputum  consist  chiefly 
of  protagon,  with  some  cholesterin  and  lecithin.  They  swell  some- 
what in  water,  are  not  <lestroyed  at  100"  C,  are  stained  yellow  by 
iodine,  stain  poorly  with  aniline  dyes,  do  not  tum  black  with  osmic 
acid,  are  easily  soluble  in  alcohol,  slightly  in  ether  an<!  chloroform. 
The  amount  of  myelin  in  the  morning  sputum  may  be  so  great  that 
it  seems  to  surpass  that  of  the  mucus.     To  a  certain  extent  the  excre- 

'  See  Hoffmann.  Nolhnagols  Syslcm,  Die  Krank.  der  Bronchien. 
*See  Schmidl,  Berl.  klin.  Wochtiisclir,,  J.nnuary  24,  1897. 
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anMcfKltd  OH  the  wami  stage,  ami  would  seem  to  be  importaiil  phagt)- 
cj'ti.'S  in  the  luiiR.  Fonncrly  their  orig^iii  was  rlis|nUe<l.  Init  now  it  is 
agreed  that  they  arise  in  the  alveoli.'  The  inclusions  nt  (hesc  cells 
arc  nwny.  Coal  pigvioit  (see  Kig,  3.  a)  explains  the  black  grannies 
present  in  all  moniiiig  sputa  of  even  normal  jiersons,  rqjrcsciiting 
the  inlialei]  ilnst  of  the  day  before.  The  origin  of  these  black  granules 
was,  long  in  dispute,  until  in  one  cell  was  found  a  granule  in  which 
ihe  structure  of  wood  was  umnistakabte.  This  patient  had  evidently 
inhaled  charcoal  dust.  These  pigmented  cells  are  often  present  in 
]argc  numlKTs,  and  give  the  spntuni  a  smoky,  grayisii,  or  dirty  gjcen 
color.  When  present  in  large  niinibers  in  certain  diseased  conditions, 
the  old  term  "  phthisis  melanotica"  was  applied.  Some  of  these  alveo- 
lar cells  are  filled  with  smaller  or  larger,  very  retractile,  round,  fat 
glo(/u!i-s  (see  Fig.  ^.  i).  Myfliti  globules  arc  irregular  in  shape,  not 
perfectly  spheneid,  often  presenting  coucculric  lines,  with  very  littte 
rcfractivity,  and  of  3  dull  greenish  or  blue  appearance.  They  may 
be  few  in  number  or  line,  filling  the  cell :  or  one  may  occupy  the  most 
of  the  cell  (sec  Fig,  3,  h).  Some  think  these  represent  the  products 
of  degenerated  protoplasm :  others  thai  ibey  arc  a  normal  secretion 
of  the  broncliial  mucosa  which  these  phagixryles  accunudate ;  *  otiiera 
that  they  arise  from  ihe  goblct-cclls,  hut  the  .absence  of  the  free 
granules  in  the  nasal  and  pharyngeal  nuicus  speaks  against  this. 
When  large  groups  01  iliese  cells  are  present,  as  in  normal  morning 
sputa,  in  some  cases  of  bn»nchilis.  acute  or  chronic  influenza,  and 
sometimes  pneumonia  during  resr)luMon,  and  especially  the  *' desqua- 
niatory  catarrhal  pneumonia."  the  sputum  contains  small  lumps 
markedly  resembling  boiled  sago,  hence  the  name  "  sago  granules." 
/'ViV  inyfliii  may  occur  in  large  amounts  as  sharply  riefined.  palely 
refractive  drops  of  very  different  sizes  and  jwculiar  shapes  (sec  Fig. 
3.  /').  It  was  to  these,  from  their  resemblance  to  the  myelin  globules 
of  nerve-lissue.  that  Virchow  gave  the  name  "  myelin  drops."  While 
the  term  "  myelin"  carries  with  it  no  bint  of  the  chcniical  nature  of 
the  droplets  which  are  seen  in  the  spmnm.  urine,  stools,  or  nervous 
tissue,  since  substances  of  very  various  nature — fatty  acids,  oils,  neu- 
tral fats — can  give  drojileis  of  just  this  appearance  (Liebreicb).  F. 
Miiller  and  his  students  think  thai  those  of  the  sputum  consist  chiefly 
of  protagon.  with  some  cholesterin  and  lecithin.  'Iliey  swell  some- 
what in  water,  .ire  not  destroyed  at  100'^  C,  are  stainc<l  yellow  by 
iodine,  stain  poorly  with  aniline  dyes,  do  not  turn  black  with  osniic 
aciil,  arc  easily  sohible  in  alcohol,  slightly  in  ether  and  chloroform. 
The  amount  of  myelin  in  the  morning  sputum  may  be  so  great  that 
it  seems  to  surpass  that  of  the  mucus.    To  a  certain  extent  the  excre- 

•  See  Hoffmann,  NoihnagcV*  System,  Die  Krank.  dcr  Etronchien. 
•See  Schmiill.  Bcrl,  klin.  Wochcnwhr..  January  u.  '8W- 
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Mloni  A.  thOH  with  myelin  drapMa:  i,  oik  lull  ol  («t  riroploii;  f,  tnt  myelins  1,  i«l  blood  kIIij  /, 
tedettai  ■.  frccblsoil  piKiiicni.    X  v- 
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tvm  of  these  two  bodies  riiiis  parallel.  It  (ircscnts  a  larRC  variety  oi 
siiapes:  conceiiiric  spheres  nr  chib-sliaped  masses,  small  globules  or 
l>y  confluence  of  small  plolnilcs.  larger  drops  (sec  Fig.  3,  /).  Their 
nunil>er  and  size  increase  imiirli  on  standing.  The  alveolar  cells  con- 
taining iii'ri''iili'ivs  of  herinoglobin  are  of  particular  interest.  The 
hnmioglobin,  certainly  derived  from  the  red  hlood-cells  of  the  sputum, 
may  be  present  in  anioq»lioiis  graiiiiles  or  scales  of  a  brownish  color, 
or  luvnialoiil  crystals.  "  Heizfchlerzellen"  ( see  Fig.  3,  f)  is  the  name 
given  to  tlwse  cells  filled  with  a  golden  yellow  pigment,  providing 
they  occur  in  large  nnmbers.  and  over  a  long  period  of  time;  only  then 
have  tliey  any  ili.igiiosiic  importance.  The  granules  are  sometimes 
small  but  often  large.  They  have  a  translucent  appearance,  not  being 
opaque.  an<I  certain  cells  seem  to  be  iliffnsely  stained.  Since  these 
granules  arc  not  opaque  and  dcqily  colored,  bul  seem  only  tinged 
yellow,  the  student  at  first  is  disappointed  in  their  appeanance.  In 
chronic  |»assive  congestion,  especially  that  due  to  mitral  disease,  these 
cells  may  give  a  gross  color  to  the  ^pniniii.  the  entire  mass  being  of  a 
rusty  color ;  or,  what  is  more  common,  they  are  clustered  into  dots  and 
streaks  of  a  rcfldisli -brown  color  in  a  white  nmcous  background.  They 
occur  also  in  all  oilier  awulitions  in  which  red  bkxul-cells  escape  into 
the  alveoli,  hence  in  pneumonia,  infarction  of  the  lung,  an<]  after 
pulmonary  hemorihage. 

The  red  bi,oo[>- cells  (see  Fig.  3,  k)  in  the  sputum  are  often  well 
prescr^-ed,  yet  not  always,  as  is  seen  by  the  masses  of  amorphous 
ha'inoglobin  and  by  the  inclusions  of  the  alveolar  cells.  'Hiey  are 
crowded  into  lines  .ind  m.^sses,  allowing  nothing  of  iheir  shape  to 
be  seen,  and  recognizable  only  by  their  color.  Tliey  arc  sometimes 
squeewd  <Htt  into  long  threads.  In  judging  the  importance  of  blood 
in  the  sputum,  however,  even  niacroscopically.  it  is  well  to  l)car  in 
mirul  ihc  numerous  sources  where  it  may  have  arisen;  for  instance, 
the  n(>>c.  the  mouth,  .ind  the  pharynx. 

Elastic  tissie  is  a  most  inqK>rtant  body.  Formerly  its  presence 
was  of  greater  importance,  since  before  the  discovery  of  the  tubercle 
bacillus  this  was  the  best  evidence  of  consumption.  Even  now  it  is  of 
considerable  value,  since  its  presence  indiaitcs  certainly  destniction  of 
the  lung,  and  in  s**me  cases  it  is  foumi  Iwfore  the  tulwrcle  bacilli,  but 
perhaps  not  Iwforc  they  are  present.  The  masses  of  elastic  tissue  are 
usually  almost  on  the  limit  of  vision  with  the  unaided  eye,  This  is  par- 
ticularly true  in  tulicrculosis.  in  which  case  molecular  disintegration  is 
the  rule,  although  in  some  cases  only  single  fibres  may  Iw  found.  The 
Sir  .Andrew  Clark  nietliod  is  the  one  which  Dr.  Osier  recommends, 
since  by  its  use  the  various  methods  of  destroying  other  tissue,  such  as 
boiling  with  sodium  hydroxide,  etc.,  may  be  disijcnsed  with.  For  this 
two  gUtss  plates  are  used.^the  one  about  fourteen  and  the  other  six 
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indies  square.  The  sputum  is  poured  on  the  larger  plate,  pressed  out 
by  tile  smaller.  The  plate  siioiild  rest  on  a  dark  background.  With 
a  small  hand-lens  fragments  of  tissue  may  be  easily  selected,  and  then 


r  1^-  4r— Elaslic  tissue  irom  lung,    A  ^w, 

after  sliding  the  iipi>er  glass  away  from  iheni  they  can  be  picked  up 
with  a  needle.  These  appear  as  small  grayish -yellow  si)ots.  In  some 
cases  it  is  not  necessary  to  remove  them  for  inspection  with  tiie  higher 
l)ower,  since  a  small  pocket-lens  will  he  sufficient.  Others  prefer 
Petri's  dishes,  or  wootlen  biixes  with  black  base,  or  crockery  plates  with 
the  base  half  black,  half  white.  One  must  be  very  careful  not  akme 
to  sterilize  this  glassware,  but  to  wash  it  weil  in  chemicals  which  will 
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V\G.  5. — EJ«:iiK  tisauc  lium  Lung  Bliowing  iilvcolar  iiri:iiiK^-jiii:nt.    X  ^'- 

dcstroy  all  organic  matter  (a  saturated  potassium  bichmniatc  solu- 
tion in  concentrated  sulphuric  acid  is  recfuiimended).  else  there  is 
chance  that  the  bacilli  fouufl  may  not  be  from  the  sputum  in  question. 
Particles  of  ftH>d  will  confuse  the  beginner.  L'mler  the  cover-glass 
small  fragments  of  clastic  tissue  may  be  found  willi  the  low  power  of 
the  microscope.  Larger  fragments  of  lung-tissue  arc  sometimes 
present.  When  no  fragments  are  found  in  this  way.  a  search  with 
the  higher  |)ower  mu.st  be  made  for  single  fibres  of  elastic  tissue,  in 
which  ca.se  it  is  well  to  select  the  grayish  masses  of  sputum  from  the 
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tuberculous  cavity  or  the  particles  of  grass-green  or  slightly  rusty 
sputa  which  are  present  in  a  subacute  caseous  pneumonia.  The  fresh 
specimens  must  be  very  thin  ami  the  cover  well  pressed  down,  or  the 
fibres  may  be  overlooked. 

The  elastic  tissue  from  the  lung  may  be  present  in  three  arrange- 
ments: most  important  is  the  alveolar  form,  in  which  case  the  fibres 
preserve  the  outline  of  one  or  several  alveoli  (see  Figs.  4,  5),  and  the 
fibres  are  long  and  branching;  from  the  bronchi,  in  which  case  the 
fibres  are  single  or  in  small  groups,  fragmented  and  less  curled  than  in 
the  former.  Dr.  Osier  considering  that  the  most  characteristic  picture 
is  that  of  two  or  three  long  narrow  fibres  clustered  closely  together  in 
an  elongated  net-work:  from  the  arteries  may  arise  a  distinct  sheet- 
ing. Fragments  containing  a  coarse  net-work  of  short  interwoven 
fibres  are  seen  from  ulcers  of  the  larynx. 

When  the  elastic  tissue  is  very  small  in  amount  it  is  customary  to 
destroy  all  other  tissue  by  means  of  jmtassium  hydrate,  but  if  the  above 
Clark  method  be  carefully  used  this  method  is  not  necessary.  Ten 
cc.  of  sputum  are  mixed  with  an  equal  amount  of  5  to  10  per  cent. 
KOH  or  NaOH;  the  mixture  is  then  boiled  in  a  porcelain  dish  until 
the  mass  is  homogeneous.  About  four  volumes  of  water  are  then 
added,  the  entire  mass  shaken  up  and  then  centrifugahzed.  Nothing 
is  left  but  the  elastic  tissue.  The  fibres,  however,  have  lost  their 
characteristic  appearance,  being  now  paler  and  swollen. 

The  fibres  of  elastic  tissue  ( see  Fig.  4)  even  when  single  should  he 
recognized.  They  are  characterized  by  their  intense  refractivity,  their 
waxy  outline,  their  sharp  edges,  tlieir  uniform  diameter,  and  their 
curling  ends.  They  often  branch.  They  are  insoluble  in  ether,  potas- 
sium hydroxide,  and  on  warming  the  slide.  Pressure  does  not  cause 
any  varicosities.  Their  appearance  is  very  characteristic  with  the  low 
power,  perhaps  more  so  than  with  tlie  liigher.  although  the  latter  should 
always  confirm  the  former.  In  the  thin  specimen  they  will  stand  out 
as  very  distinct,  coarse,  sharp,  blackish  fibres.  It  is  necessary  to  ex- 
clude fibrous  tissue,  fatty  acid  crj-stals  (see  Fig.  6).  bacteria,  and 
vegetable  cells  and  fibres.  The  fibrous  tissue  fibres  are  very  different 
in  appearance,  being  present  in  bundles  of  fine  wavy  lines  without  the 
coarse  black  refractive  appearance  of  elastic  tissue.  (For  the  fatty 
aci<l  crystals,  see  page  33.)  The  chains  of  bacteria  are  very  con- 
fusing, especially  certain  leptothrix  forms  (sec  Fig.  7).  These  are 
found  in  the  fresh  sputum,  but  especially  that  which  has  stood  for  some 
time.  The  long  chains  will  sometimes  present  a  beautiful  interlaced 
net-work  and  sometimes  simulate  closely  the  framework  of  an  alveo- 
lus. Under  the  high  power,  however,  it  will  be  seen  that  these  fibres 
are  chains  of  bacilli.  They  differ  alsf>  in  size  an<i  in  refractivity  and 
in  the  absence  of  the  wavy  outline.    They  are  also  much  more  crowded 
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in  the  field  than  is  elastic  tissue.     Vegetable  cells  and  fibres  are  much 
coarser  and  should  not  confuse.    The  elastic  tissue  from  food  is  often 
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de.  G.— Pally  uid  ciytiali  rcMmfaling  rlaslic  tissue  in  Iheaputumof  Bcaicof  branch  iccUsls.    X  aa. 


Fig.  7.— a  leptolhnx  lonn  In  the  spulum.  rcKmbling  elasiic  lissue.    X  40a. 

coarser  and  of  more  irregular  outline  {see  Fig.  8).     Moulds  should 
be  easily  recognized  (see  page  37), 
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The  presence  of  elastic  tissue  is  tlie  surest  sifjn  of  disinteg;ration  of 
the  lung.  About  90  per  cent,  of  the  cases  are  of  tiiberculosis.  In  this 
disease  it  has  a  certain  prognostic  value,  since  as  the  healing  process 
l)epins  it  becomes  scarce  and  then  finally  disappears.  Its  constant  pres- 
ence means  an  advancing  disease.  In  tul^erculosis  it  is  present  usually 
in  minute  particles.  In  gangrene  of  the  inng  it  can  almost  always  l)e 
found  tJespite  the  old  idea  which  attrilnited  a  certain  diagnostic  im- 
portance to  its  absence.  It  was  then  supposed  to  be  digested  by  a 
feniicnt,  but  Dr.  Osier  states  that  he  has  never  seen  a  case  without  it, 


KiG.S.— Eluticlissuefrom  lalivaj  origin,  tbc food.   X  400. 

and  usually  in  large  fragments.  It  is  also  fonnd  in  ca.ses  of  lung  ab- 
scess, of  liver  abscess  perforating  through  the  lung,  and  finally  in  frag- 
ments of  tumors. 

Crystals  are  present  only  in  sputum  which  has  stagnate<i  in  the 
Ixidy  for  a  long  time  or  stood  in  the  cup.  They  occur  chiefly  there- 
fore in  putrid  bronchitis,  bronchiectasis,  tulwrculosis,  and  gangrene. 
Fatty  acid  crystals  occur  either  singly  or  in  rosettes,  short  or  long. 
Tbey  usually  are  found  in  clusters  in  a  mass  of  detritus.  When  very 
h>ng  they  may  simulate  elastic  tissue  (see  Fig.  6).  but  they  are  usu- 
ally relatively  thick,  with  stiff  curves  and  ]K)inted  ends.  If  pressure 
is  made  on  the  cover-glass,  varicosities  will  result.  They  are  soluble 
in  potassium  hydroxide  and  in  ether.     (The  specimen  should  be  dried 
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.before  llic  etiicr  is  added.)  If  Ihc  *li(Ic  Ik-  warnicd,  the  crj'stals  will 
disappear  and  fat  droplets  lake  ilieii"  place,  h  is  necessary  lo  exclude 
elastic  tissue  and  chains  of  bacilli.    Cholcstenn  crystals  are  rare:  they 

uGCCiir  usually  in  company  willi  falty  acid  crystals,     Tyrosm  and  Iciicin 

'occur  chiefly  in  pntrid  spiUiim  which  has  decomposed  in  the  air-pas- 
sages. If  the  sputum  be  evaporated  in  the  air,  the  crystals  will  separate 
out.  In  the  case  of  abscess  of  the  lung  they  are  sometimes  found  in 
the  iirsi  discharge,  not  later.  Tyrosin  is  present  as  sheaves  of  long 
black  refractive  needles.  The  spherules  of  Icucin,  which  perhaps  never 
occurs  without  tyrosin.  arc  more  seldimi  found  unless  the  sputum  be 
evaporated.  It  is  necessary  to  exclude  soap  globules  (see  page 361) 
Triple  phosphate  and  calcium  oxalate  crystals  occur  in  the  same  cott- 
ditions.  The  rhombs  or  the  needles  nf  hcrmaloidiii  ncciir  espt-ciiilly  in 
abscess  of  the  lung,  perforating  empyema,  or  a  liver  abscess  perfor.iting 
through  the  lung.  They  are  found  seldom  after  hemorrhage,  for 
in  this  condition  the  h^nioglnbtn  is  changeil  (o  amorphous  granules. 
For  figures  of  these  crystals,  sec  chapter  on  Urine. 

I  The  Charcot- Ley  den  crystals  (see  Fig.  67)  resemble  a  diamond 
ver>'  much  elongated,  or.  to  »se  the  description  of  one.  two  very  sharp 
pyramids  with  the  bases  together.  They  have  sharp,  elongated  points 
with  clear-cut  edges,  colorless,  with  very  little  yellow  refractivity. 
They  are  brittle,  hence  easily  broken  in  making  the  specimen.  They 
vary  greatly  in  size,  some  requiring  the  oil  immersion  lens,  while  the 
largest  arc  0.075  '^'"i-  '""ff  ^"'^  o-04  "i"'-  wide.  They  stain  with 
eosin,  are  .soluble  in  hot  water,  mineral  acids,  and  the  alkalies.  They 
occur  singly  or  in  groups,  in  which  latter  case  they  may  form  clusters. 
In  these  groups  it  was  noted  that  on  cross-section  they  were  hexagonal, 
and  therefore  are  not  octahedral  crystals,  as  was  formerly  supposed." 
Other  forms,  for  instance  a  Greek  crcjss.  may  occur  hut  rarely.  That 
they  belong  to  the  hexagonal  system  is  very  sure  proof  that  they  are 
not  the  Biiltchcr  siwrmin  crystals.  Their  appearance  had  identified 
them  with  these,  but  the  similarity  is  only  superficial,  and  the  proof  that 
they  belong  to  a  different  cr\'stal  system  rules  out  this  identity,  hence 
there  is  no  reason  for  supposing  they  consist  of  spennin.  They  are 
quite  certainly  derived  from  eosiiiophilc  cells,  but  how  is  uncertain. 
They  occur  wherever  these  cells  arc  increased,  esjiecially  when  the 
sputiun  has  bten  stagnant,  and  increase  in  the  sputum  after  expectora- 
tion if  it  be  pLiccd  vviihin  the  thermostat.  They  occur,  therefore,  in 
the  largest  numbers  in  the  sputum  of  asthma,  in  which  case  60  per  cent, 
or  more  of  the  leucocytes  may  lie  eosinophiles.  According  to  a  former 
idea,  it  was  the  irritation  of  these  sharp  crystals  which  provoked  the 
asthmatic  paroxysms.  In  this  condition  they  occur  chiefly  in  connec- 
tion with  the  Ciirschmann  spirals.    They  occur,  however,  in  other  con- 

,  'Cohn,  DeuL  Arch.  i.  kiln.  Med,,  180S,  liv.  515. 
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dilions  than  »»t1ima,  and  while  some  claim  that  in  this  disease  tli«y  Are 
not  always  present,  others  have  found  ihcm  in  every  case  in  whicli  tlicy 
have  searclivd  fur  them. 

Plant  Parasites.' — The  bacteria  present  in  large  numbers  in  the 
sputum  arc,  with  the  e.\cc|ilion  of  a  few  specific  K^^niis  as  of  tuheicu- 
losis.  whooping-cough,  intliien^a,  pneumonia,  and  a  few  others,  chiefly 
saprophyleji  which  are  added  in  the  mouth,  or  hy  the  cup  or  air  after 
expectoration,  ami  which  increase  enormously  in  the  sputum  on  stand- 
ing. In  other  cases  these  hamdess  organisms  live  in  the  respiratory 
passages,  as  in  bronchitis,  and  especially  in  bronchiecialic  and  tuber- 
culous cavities.  Tlie^c  are  simply  saprophytes,  aiirl  if  they  liave  any 
effect  ii  is  only  to  aid  in  the  decomposition  of  the  sputum.  These 
masses  of  saprophytes  sometimes  deceive  a  stiulent.  since  he  suspects 
some  specific  germ  when  he  sees  a  large  epithelial  cell  full  of  small 
diplococci,  or  zooglia  of  bacilli.  The  chromogenic  bacteria  are  of 
importance  m3cn>sci>ptcally  rather  than  microscopically,  since  during 
(he  warm  months  they  may  entirety  change  the  color  of  the  sputum 
after  it  has  been  expectorated.  Interesting  ward  infections,  that  is 
infections  of  the  ctips  which  pass  from  bed  to  bed.  sometimes  occur. 
Streptococci  and  staphylococci  and  other  truly  pathogenic  organisms 
arc  tonmd  in  large  quantities  in  certain  diseases,  and  may.  in  tubercu- 
losis, aid  in  the  destructive  process  of  the  lung. 

SrKiifTOTHHix  Pseudo-Tlberculosa.'" — This  streptothrix  was 
fotmd  in  a  man  with  extensive  consolidation  of  both  lungs,  but  who 
clinically  h.nd  had  no  sputum.  The  symptoms  were  generally  those 
of  pulmonary  tuberculosis.  Warlhin  and  Olney  "  collected  a  group 
of  five  cases,  including  their  own,  with,  they  think,  the  same  organ- 
ism (Strq)lothrix  eppingeri)  in  the  S]mtum.  cases  with  the  clinical 
picture  of  pidmonary  tuberculosis.  This  organism  has  tnie  branch- 
ing threads  occurring  in  large  entangled  masses,  even  grossly  visible 
as  minute  grayish  granules  in  a  white,  homogeneous,  not  bloody 
sputum.  ,Some  of  the  filaments  are  very  long  (even  several  oil-im- 
merston  fields),  with  short  branches  and  without  club-shaped  ends. 
They  are  about  four  times  as  thick  as  the  tubercle  bacillus.  They  are 
.icid-fast,  staining  with  a  beaded  appearance,  but  are  slowly  decolorized 
by  95  per  ceni,  alcohol.    They  stain  by  Gram's. 

The  i.Ei'TOTHRix  group  of  normal  mouth  organisms  flourishes  in 
abundance  in  the  lungs,  especially  in  putrid  gangrenous  disease.  Their 
probable  effect  is  to  aid  in  the  decomposition  of  the  sputum.  Miller  has 
separated  from  the  old  group  of  "Lcptotbrix  buccatis,"  Leplolhrix 
iHHomiHata,  an  organism  unscgmentcd.  straight,  but  sometimes  wavy. 
from  0,5  to  0.8  micron  broad,  which  occurs  always  in  the  tartar  of 


"Flcxner.  Joints  Hopkins  Ho^p.  Bull,.  Junt,  1S97. 
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teeth.  This  cannot  lie  cultivated,  .iml  with  iotlinc  solmion  stains  a  pale 
yellow.  Bacilhis  bucailts  moAiniu^s  is  an  orfiantsiu  occurring  in  single 
threads  or  in  hunches  of  |>arallel  threads,  the  ■■ingle  organisms  from 
30  to  150  microns  long  and  1  to  1.5  microns  hroad,  joined  into  long 
threads.  These  ciinnot  be  ciillivated  and  take  a  deep  lilue  with  iodine. 
Leptothrix  Mhiximns  buccalis,  a  snnicwliat  longer  parasite  than  ihe 
last  menlionetl,  but  otherwise  similar  c-vccpt  it  does  not  give  the  iodine 
reaction. 

The  MiCBOcoccus  TETRAGENUs  IS  a  parasite  occurring  always  in 
groups  of  four  in  a  mucous  capsule,  each  org;uiisni  alwut  1  micron  in 
diameter.  It  is  a  pyogenic  parasite  which  occurs  in  the  sputum  in 
bronchitis,  in  tuberculous  cavities,  and  hemorrhagic  infarctions.  It 
may  aid  the  ln1>ei-rle  bacillus  in  its  destructive  processes.  To  recognise 
the  pathogenic  form  it  must  l)c  cultivated,  for  there  is  in  the  mouth  of 
nonnal  persons  a  harmless  parasite  of  exactly  the  same  appearance, 
which,  however,  cannot  he  cultivated. 

SARt;iN.e  arc  rare  in  the  sputum,  and  when  they  do  occur  are  prob- 
ably harmless  saprophytes,  They  occur  cbielly  in  gangrene,  tubercu- 
losis, bronchitis  (see  page  fiS),  pncimmnia.  ami  in  the  s]>ntum  uf  old 
debilitated  persons.  They  arc  the  cause  of  the  gray  patches  of 
stomato-pharj-ngomycosis  sarcinica.  Whether  this  parasite  is  the 
same  as  the  sarcina  vcntriculi  <>r  not  is  a  disputed  point. 

Yeasts  occur  but  rarely  are  recognize<l.  Fresh  sputum  must  he 
examined.  They  arc  usually  accidentally  present,  since,  although  uni- 
versal, they  fl<turisli  only  in  the  fluids  suitable  for  them,  and  in  man 
these  fluiils  are  rare  excepting  the  urine  of  diabetes  and  the  gastric 
juice  in  certain  cases  of  dilatation.  They  occur  often  enough,  how- 
ever, and  should  not  Iw  overlooked  or  unrecognized.  They  arc  oval  or 
eJliptical  cells  (see  Fig.  64).  rarely  .spherical,  so  refractive  that  they 
may  resemble  a  fat  droplet  so  markedly  tliat  chemical  reactions  arc 
necessary  to  difTerentiate  the  two.  Their  size  varies  from  1  to  40 
microns  in  diameter,  although  of  each  yeast  there  is  a  recognizable 
average  size.  Their  appearance  varies,  in  some  cases  being  naked  cells, 
in  others  with  a  meml>rane,  or  a  membrane  and  vacuoles,  according  to 
the  age  of  the  cell.  In  some  the  nucleus  is  evident  even  in  the  fresh 
cell.  The  characteristic  feature  of  a  yeasl  is  its  reproduction  by 
budiling;  that  is,  the  projection  from  any  part  of  the  cell  of  a  small 
bud  which  grows  and  then  constricts  off.  .\lthough  for  the  most  part 
extraneous,  the  presence  in  the  sputum  of  certain  pathogenic  yeasts 
camiot  be  denied,  and  in  doubtful  lung  cases  they  should  be  looked  for. 
Biissc ''  has  disaissed  at  length  his  case  of  "  saccharomycosis  homi- 
'  nis,"  an  infection  by  a  pathogenic  yeast,  "  Saccharoinyces  busse."  of 
the  tibia,  resulting  in  caseous  cavities  in  both  lungs  in  which  the  yeast 
"Kollc  and  Waiicniiaiici,  HaiidU  dcr  path,  Mikroorg.,  p.  fi6y. 
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was  present.  T!i«  yeast  cells  were  rather  small,  about  8  microns  as 
an  average  size  aiihough  tliey  varied  itiiicli.  very  refractive,  resem- 
bling fat  droplets  except  with  a  grecnisli  shimmer.  The  younger  cells 
were  liomagcncotis.  btit  later  ihcir  membrane  and  granular  protoiilasm 
coiild  be  clearly  seen.  Tlicy  are  made  clearer  by  ihe  addition  of 
scKliitm  hydroxide.  U  is  possible  that  did  we  SKirch  for  such  yeasLs 
and  itol  pass  them  by  at  once  as  simple  sapruphytes.  more  such  in- 
feetitms  c«uM  be  found  amung  our  anomalous  lung  conditions. 

Moulds  are  commonly  enough  found,  since  the  air  is  simply  alive 
with  their  s]K)rcs.  For  their  recognition  the  examination  of  the  fresh 
specimen  is  indispensable.  Many  of  Uieni  are  truly  pathogenic,  and 
it  is  remarkable  that  there  are  not  more  cases  descrilwd  as  primary 
infections.  Occurring  chiefly  in  the  ear  of  man.  their  next  scat  of 
predilection  is  the  lung. 

These  moulds  are  fonnd  only  in  destnictive  processes  of  the  lung. 
Whether  these  "  broiicho-pneinnontiniycoses"  are  primary  or  secondary 
has  been  a  much  dispute<l  point  with  the  weight  of  evidence  at  present 
in  favor  of  the  primary  nature  of  certain  of  thcin.  .According  to  the 
former  idea  (  \'irchow)  they  were  only  secondary,  or  formed  cavities 
in  the  areas  of  hemorrhagic  infarctions.  It  is  a  peculiar  thing  that  the 
cavities  containing  them  arc  odorless,  and  there  would  seem  to  be  an 
Antagonism  liet^Neeii  moulds  and  the  bacteria  of  decomposition  so  that 
a  cavity  filled  with  the  former  is  protected  against  the  latter,  and  vice 
zvrsa.  Granted  a  destructive  process,  these  moulds  would  certaiidy 
aid  and  conl<l  crowd  out  the  primary  organism,  hence  when  examined 
the  case  will  appear  to  Ik;  one  of  primary  mould  infection.  Recently, 
however,  through  the  work  of  the  French,  also  of  Saxer  and  others, 
it  seems  probable  that  Asi)ergillus  funngatus  can  lie  Ihe  primary  in- 
vader, causing  by  necrosis  an  odorless  cavity.  Among  these  moulds 
are; 

f  I)  A/Hf(ir.  of  which  there  are  one  hundred  and  thirty  varieties, 
six  of  which  are  known  to  \>e  pathogenic.  This  is  a  very  common  air 
form.  It  is  characterized  by  a  nmch-branchcd  nniceUular  mycelium, 
which  later,  however,  may  have  septa;  by  the  form  ot  the  sjjorangia 
which  are  at  the  end  of  erect  hyphx,  and  consist  of  a  columella  sur- 
rounded by  the  sixires.  the  whole  enclosed  by  a  membr.anc.  Pig.  q 
represents  Mucor  mucedo.  a  very  conution  harmless  form.  If  such  a 
ttwuld  be  found  in  the  sputum,  it  is  well  that  the  observer  note  care- 
fully the  shape  of  the  cohmiella.  the  size  of  the  sjmres,  and  the  nature 
of  Ihe  membrane,  although  for  certain  recognition  aillures  are  neces- 
sary. The  varieties  known  to  be  pathogenic  are  Mucor  corym- 
bi  fcr,  which  i&  a  fine  delicate  small  mould  with  spores  2  by  3  mi- 
crons in  size,  the  sporangia  colorless,  pear-shaped,  and  of  a  great 
variety  of  size  from  10  to  70  microns;    its  membrane  transparent 
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The  columella,  evident  only  when  the  spores  have  dropped  off,  is  top- 
shaped  the  large  end  distal,  and  colorless.  This  form  has  been  found 
perhaps  most  often  in  man  as  the  cause  of  kerato-,  oto-,  pharyngo-, 
and  pneumonomycosis.  Mucor  rhizopodiformis,  of  which 
the  sporangia-bearing  hyphae  are  single  or  branch  as  in  a  sheaf,  short 
and  of  a  brownish  color.  The  sporangia  are  globular,  when  ripe  of  a 
black  color,  with  an  opaque  membrane,  soluble  in  water,  and  columella 
which  is  brownish,  from  50  to  75  microns  wide,  constricted  at  the 
base,  which  is  also  truncated  and  w'ith  a  wide  flat  apophysis,  to  the 
margin  of  which  the  membrane  is  attached.  The  spores  are  colorless, 
spherical,  and  from  5  to  6  microns  in  diameter.  Mucor  race- 
mo  s  u  s,  the  spores  of  which  are  from  5  to  8  microns  long  and  4  to  5 
microns  wide  and  round ;  the  columella  elliptical  in  shape.    Mucor 


Fig,  9, — Mucor  mucedo.    X  60. 

p  u  s  i  1 1  u  s  ,  the  sporangia  of  which  are  black  with  a  thorny  mem- 
brane, and  from  60  to  80  microns  wide;  the  columella  egg-shaped  or 
spherical,  light  brown,  from  50  to  60  microns  wide;  and  the  spores 
very  small,  round,  colorless,  from  3  to  3.5  microns  in  diameter. 
Mucor  septatus  has  a  pale,  grayish -brown,  spherical  sporan- 
gium, small  colorless  columellae  which  after  the  loss  of  the  spores  may 
grow  still  further.  The  hyphE  have  septa,  hence  the  name.  The 
spores  are  about  2.5  microns  in  diameter.  Mucor  ramosus.the 
sporangia  of  which  are  70  microns  in  diameter,  black  in  color,  with  a 
transparent  membrane;  the  columella  round,  the  spores  colorless, 
opaque,  from  3  to  4  microns  wide  and  5  to  6  microns  long. 

These  forms  are  known  to  be  pathogenic ;  almost  all  of  them  have 
been  demonstrated  in  tlie  ear.  It  is  interesting  that  in  all  literature  only 
four  cases  are  cited  in  which  they  have  been  demonstrated  in  the  lung, 
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and  so  far  as  vfc  know  in  none  uf  tliese  cases  were  titcy  found  in  the 
sputum  before  death. 

Ai{^-rg\ltits  fumigatus  (see  Fig.  lo).  This  i<*  by  far  the  most  im- 
portant pathogenic  mould.  Its  mycelium  h  a  iliick  mesh  of  threads 
from  3  to  6  microns  wide,  tlie  finest  without  >epla  but  (he  oldest  with. 
The  conidia-lKranng  hyphw  are  short,  club-shaiJcd,  from  8  to  lO 
microns  in  diameter  at  the  larger  (distal)  end.  The  steriginaia  are 
unbranched.  from  6  to  1 5  microns  long,  and  packed  together  from  a 
central  point,  thus  giving  a  fan-like  appearance.  The  cimidia,  a  chain 
of  which  is  at  the  end  of  each  of  the  sleriginata,  are  round,  colorless, 
and  from  2,5  to  3  microns  in  dianicier.  All  parts  of  this  mould  have 
a  brownisli  to  a  dark  grayish-grccn  color.  The  size  of  the  simtc 
is  important,  since  iliuse  of  Aspergillus  glauciis  are  from  7  to  8 


Pm.  10.— AipeiKtllugi  luinltiltii.    X  js*. 

microns  in  diameter.  The  spores  occur  everywhere,  as  can  be  demon- 
strated by  exposing  a  moist  piece  of  bread  to  the  air  for  only  a  few 
minutes  and  then  placing  it  in  the  thermostat.  .\  spe  r  g  i  1 1  u  s 
f  lav  us  (sec  Fig.  11),  has  conidia-liciriiig  hyphie  which  are  from 
7  to  10  microns  thick,  with  the  head  of  a  yellowisli  or  ^een  color 
accor<ling  to  whether  it  is  dry  or  wet.  and  brown  when  old.  Tlie 
conidia  themselves  arc  roimd.  of  a  sulphur-yellow  color  and  from  5  to 
7  microns  in  diameter.  .Aspergillus  nigerisofa  chocolate 
iiFown  color,  and  the  conidia  from  3,5  to  5  microns  in  diameter. 
Aspergillus  s  u  li  f  u  s  c  «  s  is  of  an  olive-green  to  a  black  color, 
resembles  much  the  fimiigatus.  but  is  more  pathogenic.  Of  these 
forms  the  Asjwrgilhis  fumigatus  is  the  only  one  that  has  been  show  ' 
(o  bear  a  direct  relation  to  that  pathological  process  known  as  "  pi? 
monomycosis  aspergillina."     SticJter  has  collected  frum  1 
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twenty  cases  in  which  no  other  disease  of  the  lung  was  present.  Of 
these,  in  sixteen  was  found  Aspergillus  fumigatus,  in  four  cases 
the  mould  was  doubtful.  One  of  these,  reported  by  Osier,  was  a 
woman  who  for  twelve  years  had  expectorated  masses  of  mycelium  the 
size  of  a  bean,  grayish  and  of  a  downy  consistency;  in  five  cases  the 
mouid  could  not  be  classified.  An  interesting  case  of  primary  chronic 
"  membranous"  bronchitis  due  to  the  Aspergillus  fumigatus  was 
reported  by  Devillers  and  Renon.'^  The  patient  was  a  grain-sorter. 
Fragments  of  membrane  composed  of  the  mycelium  of  this  mould 
(recognized  from  cultures)  were  expectorated  monthly.  They  were 
from  I  to  6  cm.  long,  and,  having  no  branches,  probably  arose  in 
the  larger  bronchi.  In  nineteen  cases  with  the  Aspergillus  fumigatus 
the  infection  was  mixed.     Sticker'*  has  divided  the  cases  into  the 


Fic.  II.— Aspergillus  llavuB.    X  300. 

"  sporadic,"  which  are  of  old  feeble  subjects  or  persons  suffering 
from  a  lung  disease,  and  the  "  endemic,"  in  which  case  the  disease 
is  due  to  the  occupation  of  the  patient.  The  two  best  illustrations  of 
this  latter  have  been  described  by  the  French  writers.  The  first  con- 
sists of  a  pseudo-tuberculosis  present  in  pigeon-feeders,  who  are  much 
exposed  to  the  moulds  of  grain,  and  hair-combers  who  work  in  an 
atmosphere  so  laden  with  infected  dust  that  the  cat  is  the  only  animal 
that  can  live  in  their  neighborhood.  No  autopsies  have  been  made  on 
such  cases.  Clinically,  the  course  is  often  similar  to  tliat  of  a  chronic 
pulmonary  tuberculosis.  At  the  onset  there  is  hemorrhage  in  some 
cases,  either  slight  or  profuse,  and  which  is  generally  repeated  at  in- 
tervals.    The  cough  is  dry  at  first,  then  accompanied  by  a  frothy 

"  La  Presse  Med,  1B99,  ii.  p.  325. 

"  Schimmelpiizkrankh,  d«r  Lungen.,  Nothnagel's  System,  1900,  xiv. 
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sputum  which  quickly  becomes  greenish  in  color  and  purulent.  This 
may  continue  for  months  or  even  years.  Blood  flecks  are  often 
present.  Toward  the  end  the  hemorrhage  may  recur  or  not,  the 
expectoration  is  of  a  greenish  color,  purulent  in  nature,  and  num- 
mular in  character. 

Another  form  is  a  chronic  bronchitis  resulting  in  final  cirrhosis 
of  the  lung.  In  this  case  the  sputum  is  abundant,  foamy,  and  watery. 
In  Wheaton's  case"*  the  condition  simulated  actinomycosis  with 
anatomically  the  presence  of  a  few  tubercles  and  a  large  cavity.  In 
some  cases  there  have  been  casts  of  the  bronchi  formed  of  mycelium 
and  conidia  expectorated. 

For  diagnosis  these  moulds  must  be  demonstrated  in  the  sputum, 
and  in  any  case  of  suspected  tuberculosis  without  the  tubercle  bacillus 
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Flc.  11.— PciiiclUIuiiiKl">caiD.    X  jih- 

they  should  be  searched  for.  There  may  be  present  either  the  myce- 
lium, the  conidia  hyphse,  or  the  spores.  As  a  rule,  they  are  overlooked 
or  passed  by  as  extraneous.  The  odorless  character  of  the  sputum  is 
an  interesting  fact,  even  in  cases  of  marked  gangrene  of  the  lung  with 
the  expectoration  of  large  masses  of  lung-tissue.  In  some  cases  the 
absence  of  the  mycelial  threads  may  be  explained  by  their  destruction, 
which  certainly  soon  occurs. 

The  Penicillium  glauciim  {see  Fig.  12),  which  is  the  most  common 
of  our  media  contaminations,  has  segmented  conidia- bearing  hyphse 
which  divide  brush-like  at  the  end.  the  branches  bein_g  tipped  by  sterig- 
mata  which  are  flask-shaped,  bearing  conidia  from  2  to  3  microns  in 
diameter.  The  retractile  conidia  of  this  mould  are  so  common  tliat  it 
is  strange  that  the  students  do  not  recognize  them  oftener,  particularly 
"  Trans.  Path.  Soc,  Lond.,  vol.  xliv.  p.  34. 
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as  some  show  the  characteristic  sprouts.  The  mould  is  non-patho- 
genic, Tlie  P  e  n  i  c  i  1 1  i  11  111  ii  u  in  m  u  1  a  is  certainly  pathological 
for  animals,  and  has  been  found  in  the  ear  of  man. 

Although  the  general  class,  nnicor,  aspcrgillus.  or  pcniciilium  may 
be  recognized  if  the  sporaiigiimi  ur  the  cunidia  head  is  found,  yel  a 
closer  differential  diagnosis  can  only  be  made  on  cultures.  Thi.i  may 
be  done  by  s]>readiiiK  tbt  sputum  over  a  piece  of  bread  as  media,  or 
using  Sabourand's  media  t  maltose,  3.7;  pepton.  0.75:  water,  100). 

The  moulds  may  be  stained  in  the  fresh  s|iecimcn  by  a  saturated 
watery  solution  of  «.3lTranin  or,  better  still,  of  thionin. 

OiDiuM  ALBICANS  h  the  Very  common  parasite  of  thrush,  which 
can  develop  in  the  lungs  as  well  as  at  its  common  scat,  the  mouth  and 
pharynx.  It  occurs  chiefly  in  the  mouths  of  children  during  their 
first  week,  especially  in  the  weak  babies;  more  rarely  in  older  children 
or  adults  weakened  by  old  age  or  disease,  especially  diabetes  or  tyi)hoid 
fever,  hi  these  cases  we  have  secondary  growths  in  the  throat,  nose, 
ccsophagus.  bronchi,  and  lungs.  The  most  common  form  is  the  large- 
sporcd  variety.  It  may  occur  in  the  spuuun  in  two  forms. — the  first, 
the  yeast-like  cells,  from  5  to  6  microns  long  and  4  microns  wide,  and 
oval,  which  in  shajie  cannoi  be  told  from  any  oihcr  yeast ;  and  the 
threads  of  all  sizes  and  lengths  with  a  double  contour  containing 
droplets,  grannies,  vacuoles,  but  especially  conidia-like  bodies  which 
arc  true  endogenous  sjiores. 

Actinomycosis  infection  of  the  human  lung  is  rare.  It  sets  up 
a  chronic  process,  but  one  which  progresses  unrelentingly  till  death. 
In  some  cases  there  is  a  slight  catarrhal  bronchitis  for  a  long  lime, 
bul  the  most  common  form  is.  from  the  onset  on,  a  bronchopneumonia. 
The  consniidalcd  .ireas  break  rinwn  forming  cavities  which  contain 
fluid,  pus.  fatty  detritus,  fat  globules.  dct;cneraicd  red  blood-cells,  and 
the  sulphur  granules.  Clinically,  the  picture  is  of  tnlwrcidosis,  and 
yet  if  the  sputum  Iw  watched  carefully  an  early  diagnosis  can  be  made. 
Other  cases  arc  of  chronic  bronchitis,  while  still  other  cases  present 
the  picture  of  a  miliary  tuI>crcuIosis.  The  abscess  cavities  may  he  very 
targe.  The  sulphur  granules  arc  the  characteristic  find.  They  are 
small  granules,  in  w.v  varying  from  microscopic  lo  2  mm.  in  diameter. 
of  a  yellowish,  grayish,  greenish,  or  brownish  color,  round,  sometimes 
abundant  in  nninber,  in  other  cases,  few.  Microscopically  they  are  a 
net-work  of  fine  Iwisied  threads,  straight  or  wavy:  at  ihc  ends  of  many 
at  the  periphery  are  the  characteristic  club-shaped  swellings  which 
when  present  in  large  number  form  a  ring  around  the  granule  to 
which  they  give  a  radiating  or  star-like  appearance.  In  general  it  may 
be  said  that  in  any  case  of  atypical  lung  di3ea.se  always  think  of  this 
(Osier).  The  exiwctoration  is  usually  mucopurulent,  sometimes  fetid. 
It  may  be  simple  mucus,  very  scanty,  or  may  \k  pundent  and  hemor- 
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rhagtc.  It  19  said  that  the  sputum  is  suiiictiines  as  rustj'  as  in  pneu- 
monia. It  is  also  possible  lliat  the  patient  nuiy  say  that  he  ha^  ex- 
pectorated at  one  time  a  large  amount  of  offensive  yellow  material. 
Tubercle  bacilli  will  not  be  found,  neither  will  elastic  tissue. 

Animal  Parasites. — Infusoria  are  rare  and  unimportant.  There 
has  been  described  tlie  Aincrba  pulmonalis  (ArtauU).  "a  small  amoe- 
boid cell  which  when  dead  and  stained  hwks  cxaclly  like  a  leuco- 
cyte, bnt  while  motile  differs  from  it  m  \\.s  rcfr.ictility  and  staining 
qualities."  The  true  amoeba  coli  may  be  found  in  the  case  of  perfor- 
ated liver  abscess  and  in  cases  of  abscess  of  the  jaw  communicating 
with  the  moulh  (Flexner).  [t  is  important  that  the  student  should 
bear  in  mind  that  the  same  rule  obtains  here  as  in  the  examination  of 
the  stool,  and  th:it  nothing  shmild  be  called  an  amoeba  unless  its  anice- 
boid  motion  has  been  clearly  seen. 

Of  the  FLAGEiXATA,  Trichomonas  pulmonalis  is  the  name  pivcn  to 
a  form  which  has  been  found  several  times  in  ihe  sputum.  A.  Schmidt 
found  ihem  only  in  the  Ditirich's  plugs,  while  .Vriaull  found  them  in 
the  contents  of  a  large  tuberculous  cavity.  These  may  be  the  forms 
which  others  have  fomid  in  hing  gangrene  and  putrid  bronchitis.  In 
a  recent  case  of  large  abscess  of  the  lung  following  pneumonia,  and 
operated  on  six  weeks  after  the  onset  of  the  pneumonia,  the  sputimi 
contained  large  numbers  of  these  fl.igellates.  It  is  probably  the  same 
as  the  Trichomonas  vaginalis.  Ccrcoiiwnads  have  been  found  in  the 
bputum  and  in  the  Ditirich's  plugs  of  lung  gangrene. 

EfHiNococcus  Disease. — Next  to  the  liver  the  lung  is  the  most 
comm<m  scat  of  this  infection  (in  4.5  per  cent,  of  cases)  (sec  Fig.  55). 
If  the  cysl  bursts  we  may  find  in  the  spntiitn  the  daughter  cysts,  sco- 
nces, hooklcts,  or  fragments  of  membrane,  any  one  of  which  is  char- 
acteristic. They  may  also  be  derived  from  a  liver  cyst  which  has 
perforated  through  Ihe  lung.  The  cyst  wall  consists  of  two  layers. 
— an  external  laminated  cuticular  capsule,  ami  an  interna!  granular 
parenchymatous  endocyst.  i-"ragineiHs  of  iliis  laminated  capsule  are 
characteristic  of  the  disease.  The  cv-st  content  is  a  clear,  limpid  fluid, 
from  ttx>5  to  1015  s]jccific  gravity,  which  contains  no  coagidahle  albu- 
men, is  neutral  or  slightly  acid,  and  contains  considerable  sodium  chlo- 
ride. Inosile.  Icucin,  tyrosin,  succinic  acid  may  I)C  found,  also  h,Tma- 
toidin.  From  the  emlocyst  bu<ls  develop  which  grow  into  smaller 
daughter  cysts,  which  ihen  break  loose  and  lie  free.  Inside  these 
daughter  cysts  may  develop  grandd.inghtcr  cysts.  From  the  inner 
wall  of  any  of  these  cysts  may  develop  brood -capsules,  cysts  from  the 
inner  or  outer  wall  of  which  the  scolices  develop.  A  scolex  is  (he  head 
of  a  Tinea  echinococcus.  and  presents  a  rostrum  with  four  suckers  and 
a  circle  of  hfjoklels,  If  found  while  alive,  the  head  actively  protrudes 
and  retracts  this  rostrum.     In  many  cases  the  cyst  wall  <legencrates, 
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becomes  inspissated  and  filled  with  a  cheesy  material  which  contains 
masses  of  free  hooklets  and  dead  scolices,  which  then  liave  a  coating  of 
calcium  carbonate  which  effervesces  actively  on  the  addition  of  Jiydro- 
chloric  acid.  The  presence  of  these  cysts  may  lead  to  gangrene  of 
the  lung  and  the  formation  of  cavities  connected  with  the  bronchi. 
Hemorrhages  are  the  rule,  usually  sHght  or  mere  streaking,  but  some- 
times profuse.  As  a  rule,  such  cases  are  diagnosed  as  phthisis  or 
gangrene,  unless  one  of  these  characteristic  bodies  is  found  in  the 
sputum.  The  cough  may  be  at  first  dry  and  hacking,  and  as  the  cyst 
increases  in  size  one  with  some  mucoid  expectoration.  After  the 
rupture  of  the  cyst  and  the  discharge  of  its  contents  the  cavity 
becomes  infected,  hence  that  of  an  abscess,  and  discharges  fetid 
pus  in  some  cases  of  a  chocolate  color  resembhng  the  pus  said  to  be 
characteristic  of  hepatic  abscess.  In  other  cases  the  suppuration  occurs 
before  the  rupture  and  the  contents  undergo  fetid  decomposition ;  then 
follow  the  symptoms  of  rupture  of  an  abscess.  If  daughter  cysts  and 
pieces  of  membrane  are  found  in  the  sputum,  it  means  that  the  bron- 
chus communicating  with  the  cyst  is  a  large  one.  Pieces  of  the  mem- 
brane may  be  expectorated  for  months.  The  rupture  is  often  accom- 
panied by  a  copious  hemorrhage  which  later  may  recur. 

Paragonimus  Westermanii. — This  parasite,  the  "  lung  fluke."  is 
the  cause  of  the  parasitical  hastnoptysis  of  man  which  occurs  so  com- 


Fig.  13. — Hggof  harogonitnus  weslermanii  from  the  Bpulum  ol  Dr.  M c Ken £ie^a  case  (through 
the  kindness  of  Dr.  Stiles).    X  400. 

monly  in  Jap&n,  parts  of  China,  and  Korea.  Of  some  mountain  towns 
a  majority  of  the  people  are  said  to  be  infected;  in  Okayama,  0.4  iwr 
cent,  of  all  hospital  cases  admitted:  in  Kumamoto.  5.9  per  cent,  of 
pulmonary  cases.'*  One  case  in  this  country  which  came  under  the 
care  of  Dr.  Mackenzie,  of  Portland,  Oregon,  has  been  rejwrted  by 
Stiles, — that  of  a  Japanese  who  recently  immigrated.  There  was 
found  in  domestic  animals  in  this  country,  previously,  a  parasite  which 
seems  to  be  iilentical,  and  it  is  perhaps  only  a  matter  of  time  Irefore 
more  and  endemic  cases  will  be  found  among  our  cases  of  "  tubercu- 
losis." The  duration  of  the  disease  is  long,  fnim  ten  to  twenty  years 
from  the  appearance  of  the  first  symptom.  The  diagnosis  rests  with 
"Inouye,  Zeits.  f.  klin.  Med.,  19OJ.  vol.  1.  p.  120. 
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the  tliscovery  of  ^gs  in  the  fresh  sputum.  The  sputum  is  generally 
small  ill  amount,  very  viscid,  consisting  of  small  iJcUcls  of  blood  niiNed 
witl)  mucus,  or  it  may  be  rusty  a;^  in  jineunKmia.  When  no  blood  is 
|>r»;M:rit  it  is  of  all  shades  of  yellow  and  hrown.  but  especially  a  dark, 
dirty  red  or  hrownisli  color,  this  color  Iteing  due  to  the  eggs  theniselve*. 
Blood  is  common  and  yet  not  constant,  often  intermittent.  Colored 
spirals  reseiiihling  grossly  the  Curschmann  spirals  arc  quite  characier- 
istic.  The  c^gs  are  llie  only  characieristic  symptom,  and  may  be 
ex|»eciorate<l  in  large  numbers.  'I'lie  amount  of  blood  while  usually 
small,  at  the  onset  only  iu  droijs.  may  be  large,  from  300  to  800  cc,  in 
a  few  hours,  especially  if  tbc  patient  leads  a  lalK)ri(ms  life.  There  may 
be  ratlicr  large  liemorrliagcs  which  recur  with  great  frequency,  or  the 
disease  may  take  a  very  slow  eonrse.  The  Iiemorrhage  i^  always 
arterial.  Its  cause  is  not  cle;ir,  and  il  seeius  more  accidental  than 
otherwise,  since  the  ova  arc  not  in  the  pellets  of  the  blotHl.  but  in  the 
rusty  jKirtions.  The  eggs  have  a  thick,  smooth  shell  of  a  dirty  re<ldisli- 
brown  color,  and  a  characteristic  lid  at  one  end,  not  seen  in  some  eggs, 
not  exactly  on  the  end  of  some,  and  partly  shelled  off  in  others.  They 
are  f>K  to  f)fi  microns  long,  4S  to  60  microns  wide.  Charcot -Ley  den 
crystals  are  common  in  the  sputum.  "  sufficient  pr<x)f  thai  such  crystals 
do  not  explain  asthmatic  parvixysnis.  since  these  cases  never  have 
asthma."  " 

Chemical  Examination  of  the  Sputum.^'riie  chemical  examination 
of  the  sputum  is  seldom  of  much  imjiortance,  and  those  tests  which 
have  been  propf)se<I  have  as  their  object  to  denumstrate  the  relative 
amounts  of  nmcin  and  albumin.  The  Zenoni  modification  of  .Schmidt's 
method  (who  stained  the  sputum  with  the  Gnibler-Biondi  stain)  is 
perhaps  the  most  valuable  of  the  nuico-chemical.  He  spreads  a  small 
particle  of  the  sputum  on  the  cover-glass,  treats  it  with  alcohol  for  at 
least  a  quarter  of  an  hour,  and  then  stains  with  a  half-saturated  water 
:ution  of  saffranin.     The  specimen  then  held  against  a  white  base 

iws  the  mucus  a.s  yellow,  the  albumin  as  red.  It  has  the  further 
advantage  that  when  many  pus-cells  are  present,  and  hence  the  picture 
obscured,  the  color  of  the  ground  sid)stance  can  1>e  detennine<i  micro- 
scopically. The  value  of  such  is  to  demonstrate  the  difference  between 
pnetinionic  and  other  processes,  in  pneumonia  the  amount  of  albumin 
being  considerable. 

The  chemical  test  for  soluble  albumin  is  simple.  The  sputum  is 
mixed  with  3  per  cent,  acetic  acid,  shaken  well,  allowed  to  stand  twelve 
hours.  MU\  filtered.  The  filtrate  is  tested  with  potassium  ferrocyanide. 
I  or  neutralized,  sodium  chloride  added,  and  the  heat-acid  test  used, 
^H  Quantitatively  it  may  be  estimated  by  the  Esbach  tnbe.    In  the  filtrate 

f  *  S«e  Slile*  anil  Haisall,  Sixteentli  Report  of  the  Bureau  o(  Animal  loduttiT, 


46  CLINICAL   DIAGNOSIS 

of  the  heat  test  the  albumoses  may  be  precipitated  by  zinc  sulphate,  or 
determmed  by  the  nitrogen  present.  Deutero-albumoses  alone  have 
been  found;  no  peptone  (Wanner).  Wanner  found  by  far  the  most 
soluble  albumin  in  the  sputum  of  pneumonia, — 0.3  to  3.6  per  cent. ; 
least  in  that  of  bronchitis  (a  mere  trace)  ;  in  that  of  practically  normal 
persons  the  merest  trace,  if  any  at  all.  Its  prescTice  means  inflamma- 
tion, not  hypersecretion  alone.  Anything  more  than  a  faint  opal- 
escence is  pathological. 

Mucin  he  determined  from  the  giucosamin  formed  by  adding  to  a 
weighed  amount  of  sputum  two  volumes  of  alcohol,  shaking,  filtering 
through  a  hardened  filter  paper,  and  washing  with  alcohol.  The  pre- 
cipitate is  then  boiled  with  10  per  cent.  HCl  for  three  hours  in  a  flask 
with  return-cooler.  The  flask  is  then  quickly  cooled,  made  alkaline 
with  NaOH,  then  acid  with  acetic  acid,  then  precipitated  with  phos- 
photungstic,  to  remove  the  biuret-giving  bodies,  and  the  reducing  sub- 
stance determined  with  Fehling's  solution  (giucosamin  having  the 
same  reducing  power  as  glucose).  Pure  mucin  contains  33.6  per  cent, 
giucosamin. 

Much  mucin  (i  to  3,3  per  cent.)  was  found  in  chronic  bronchitis, 
a  moderate  amount  in  pneumonia  (0.66  to  1.03  per  cent.)  and  phthisis 
(0.74  to  0.79  per  cent.),  none  in  bronchiectasis.  Sputum  is  digested 
rapidly  by  autolysis. 

As  to  the  value  of  these  chemical  tests,  which  are  easy  and  rapid; 
Wanner  considers  that  a  definite  trace  of  albumin  in  a  case  of  incipient 
tuberculosis  or  chronic  bronchitis  will  mean  the  former ;  much  albumin 
indicates  pneumonia  or  pulmonary  cedema,  and  in  a  case  of  either  pneu- 
monia or  infarction  of  the  lung,  the  former. 

Peptone  in  the  sputum  has  been  claimed  by  some,  denied  by  others, 
and  a  tni-psin-like  ferment  is  assumed  in  gangrene  of  the  lung  to  ex- 
plain the  partial  disappearance,  perhaps  complete  in  some  cases,  of 
elastic  tissue.'* 

Pulmonary  Tuberculosis — "  Pulmonary  tuberculosis  has  no  char- 
acteristic form  of  sputum"  (Brown). 

Cases  of  the  fibroid  form  may  have  no  or  little  expectoration,  and 
this  free  of  tubercle  bacilli  for  a  long  time.  But,  as  a  rule,  there  is  a 
purulent  sputum. 

In  .\CL'TE  MILIARY  TUBERCVLOSis  the  sputum,  if  any  at  all.  is  that 
of  bronchitis,  hence  mucopurulent  or  blood-streaked.  N'o  tubercle 
bacilli  need  be  present.  In  the  .^cute  pneumonic  tuberculosis  with 
extensive  caseous  consolidation  there  may  for  one  or  two  months  be  no 
sputum  whatever,  but.  as  a  nite,  it  is  that  of  a  typical  acute  lobar  pneu- 
monia, nisty  until  the  crisis  should  come,  and  then  when  one  expects 

"  See  Wanner.  Deutsch.  .Arch.  f.  klin,  Med  ,  igoz.  Ixxv.  U7 :  Fr  Muller.  Ztschr. 
f  Biol,.  Bd.  52.  In  this  is  the  best  discusiiion  of  the  mucin  and  alhed  bodies  of  the 
sputum. 
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it  to  change  to  a  nuicoijuruleiit  a  green  color  may  t>e  the  first  indication 
ihat  there  lias  l>ccii  a  mistake  in  (itagnosis.  Iti  the  case,  therefore,  of 
lobar  pneiinioiiia  with  ilclayecl  resohitioii,  especially  if  the  sptitiim  Iw 
greeii.  isearch  >hoiild  always  lie  made  for  tubercle  bacilli,  for  soon  tlicy 
.•m<l  clastic  tissue  may  be  present,  suiuctiincs  very  early. 

AiiKXiiK  our  <is««  of  acute  tulwrcutou*  lobar  pneumonia  (fiflcen  in  oiunbcr). 
in  four  the  ipuium  wai  t>picaUy  rusty.  In  the  majority  it  was  a  mixttm  of  I 
ruuy  with  ■  l>roiichitic :  in  turu  there  was  atmoct  no  spiitiini  at  -ill.  Tlie  grun 
color  and  icnaclout  quality  wer«  mailted  in  a  few :  in  ihu  cai«s  the  >putuni  was 
o(  a  white,  sticky,  mucopunikiit  nature  from  the  very  firM ;  one  marked  fmture 
in  itcarly  alt  caict  wai.  the  cunitiant  litood-itieaking.  aiid  in  two,  brisk  hemorrhages. 
!□  tite  typically  rusty  sputum  very  few  pus-cclU  were  present,  but  inatiy  alveolar 
rpitlKltal  cclU  and  red  cnr]>uscl«i.  Later,  that  is  after  the  Urst  week,  the  iipuium  ii 
Ta(l>«r  mucu^uruleni,  and  yet  in  mtiny  continues  blood-streaked.  The  greenish 
color  WHS  marked  in  several,  l^atcr  it  may  becumc  nummular,  and  in  two  caSM 
potuiirely  fouL 

In  case  the  jKitient  ha<l  a  <«1if;ht  bronchitic  spntiiin  preceding  the  on- 
set of  the  tiibercnloiis  ptieumonia  ihe  sputum  at  once  clianges  its  nature, 
becoming  tenaciou!;,  slightly  less  in  amount,  and  blcKtd-streaked.  If  it 
1m:  a  true  acute  lobar  pnennxinia  which  occurs  in  llie  course  of  a  chronic 
tuberculosis,  the  sputum  is  that  of  lobar  pneumonia  with  an  admixture 
of  the  bronchitic 


Atnong  oar  oi:c«  the  following  point*  were  particularly  interesting.  In  one 
the  mixture  of  the  rusty  and  bronchiiic  sputum  expressed  itself  by  the  two  layers 
in  the  cl>^.  (he  upper  niucopunitcnt  and  blood-tinged,  the  lower  exceedingly  tenaciou* 
and  itringy.  Later  on  it  became  (teenish.  puriilerii.  and  very  tenacious,  then  of 
a  tenacious  greeniKh-gray  colnr.  which  continued  until  death  a  short  time  later, 
.^notlicr  case  ii  uiieresting.  since  the  elastic  tissue  was  found  before  the  tubercle 
t)adlli.  allhoutch  repeated  examinations  for  the  latter  were  made.  In  one  case 
diagnosed  at  first  at  acute  lobar  pueunionia.  on  the  third  day  the  sputum  was 
'markedly  blood -tinged.  tu1>erc1e  bacilli  were  pre>«nt.  and  Iwn  hronchi^il  CAitf  about 
I  mm,  in  diameter  at  their  larger  end.  In  a  case  with  sudden  onset  two  day* 
before  adtnifsion  and  without  previous  hiMory  the  'puium  was  while,  sticlcy.  and 
mucopurnlenl.  Thi*  continued  with  a  greenish  tinge  (or  nine  days,  but  on  the 
nineteenth  day  there  was  a  siiilden  marked  change,  the  sputum  now  abundant 
forming  eauly  two  layers  the  upper  sanguineous,  the  lower  mucopurulent,  blood- 
tinged  for  the  first  time,  and  on  that  day,  Ihe  ninetrrnih.  the  tu1>ercle  bacilli  were 
first  found,  although  they  had  been  rniealcdly  searched  for. 

In  the  ACUTE  TCBERCULOUS  BRoNcnopNEUMONtA  3  hwiorriiflge  is 
sometimes  the  first  symptom.  The  sputum  may  early  show  clastic 
tissue  and  tubercle  bacilli. 

In  the  CHRONIC  ulcerative  tuberculosis,  the  sputttm  may 
a.^sume  almost  any  color  or  any  form  assume<l  in  any  other  disease. 
Hiermcr  ilividcd  it  into  four  forms:  the  mucoid,  mucopurulent,  blood- 
stained, and  pure  blood.  It  may  vary  in  amount  from  none  to  one 
litre  in  twenty-four  hours;  in  consistency  from  that  of  extreme 
tenacity  to  very  watery.    In  sotnc  cases,  especially  those  of  the  early 
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apex  tuberculosis  in  which  the  physical  signs  are  marked  and  a  cough 
present,  there  is  no  sputum.  For  weeks  there  is  usually  a  slight  morn- 
ing sputum,  but  it  may  be  necessary  to  urge  the  patient  to  expectorate 
this;  in  other  cases  the  onset  is  with  a  slight  hemorrhage;  in  other, 
it  is  at  first  a  pure  mucus  and  hence  glairy,  containing  much  myelin, 
giving  it  the  sago  appearance.  There  is  nothing  distinctive  in  the 
gross  appearance  of  this  sputum.  It  may  last  for  months,  but  sooner 
or  later  there  will  appear  little  caseous  lumps,  one  of  the  first  sug- 
gestive signs  of  tuberculosis.  Later  the  sputum  is  more  profuse  and 
mucopurulent,  that  of  chronic  bronchitis.  As  ulceration  proceeds  it 
becomes  more  profuse,  yellow  or  greenish  in  color,  and  after  that  of 
any  grade  or  amount,  and  from  mucopurulent  to  purulent,  or  even  pure 
pus.  Microscopically,  it  contains  epithelial  cells  of  all  kinds,  pus-cells, 
blood,  and  in  some  cases,  if  the  sputum  be  hardened  cti  masse  and  sec- 
tions cut,  giant-cells  may  be  found. 

The  variations  in  the  sputum  in  chronic  ulcerative  tuberculosis  are 
many.  "  A  sudden  disappearance  of  the  sputum  when  before  it  had 
been  abundant,  especially  in  the  morning,  should  always  put  us  on  our 
guard.  Miliary  tuberculosis  is  occasionally  ushered  in  in  this  manner" 
(Brown).  In  cases  of  sudden  heart  failure  there  may  be  a  cessation 
of  sputum  for  one  or  two  days  without  apparent  injury.  An  abundant 
mucoid  more  or  less  frothy  sputum  marks  the  onset  of  miliary  tuber- 
culosis in  a  chronic  or  a  less  acute  form  (Brown). 

One  of  the  most  important  points  in  the  sputum  examination  is  the 
recognition  of  the  small  caseous  particles,  "  rice  bodies"  (corpora  ory- 
zoidea).  These  should  never  be  searched  for  at  random.  The  sputum 
should  be  spread  out  on  a  dark  plate,  or  better  still,  according  to  Sir 
Andrew  Clark's  method,  squeezed  between  the  surfaces  of  two  plates 
of  glass,  and  then  the  whole  surface  scrutinized  with  a  small  hand-lens. 
This  is  the  surest  way  to  find  these  particles,  in  which  one  has  the  best 
chance  of  finding  tul>ercle  bacilli  and  elastic  tissue.  Many  prefer  wide 
Petri's  dishes,  which  are  more  easily  handled  and  sterilized.  These 
small  caseous  particles  are  from  about  0.5  to  1  mm.  in  diameter,  of  a 
white  opaque  color,  more  or  less  rounded  in  shape,  of  a  Ijad  odor,  and 
when  picked  up  with  a  needle  and  spread  on  a  slide  are  found  to  be 
more  brittle  and  crumbly  in  character  than  particles  of  bread.  Casts 
of  tonsillar  crypts  and  glands  of  the  trachea,  bronchi,  and  pharynx  are 
to  be  excluded.  Several  of  these  are  collected  on  a  slide  and  squeezed 
out  under  a  cover-glass  in  case  elastic  tissue  is  looked  for,  but  if  for 
bacilli  they  are  spread  by  means  of  another  slide,  or.  what  is  better, 
spread  with  a  needle  the  slide  held  a  little  distance  above  a  gas  flame, 
and  stained. 

Elastic  Tissue  (see  page  29). — The  search  for  this  should  never 
be  at  random.    It  should  always  be  methodical  and  intelligent,  for  one 
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can  search  long  and  find  none,  whereas,  did  he  know  what  particles  to 
choose,  he  miglit  find  plenty  in  the  first  specimen.  Its  presence  means 
destruction  of  the  lung.  As  a  rule,  in  tuberculosis  the  disintegration 
is  molecular  and  the  elastic  tissue  in  very  fine  particles,  grayish  threads, 
even  in  single  fibres.  This  tissue  may  present  the  arrangement  of  the 
alveoli,  or  come  from  the  bronchi  or  from  the  blood-vessels.  Brown 
spoke  of  a  case  in  which  a  little  pouch  of  elastic  tissue  8  to  lo  mm.  in 
diameter,  evidently  the  wall  of  a  cavity,  and  containing  innumerable 
tubercle  bacitli,  was  expectorated.  In  certain  cases  it  will  be  found 
early  before  there  is  any  suspicion  of  disintegration;  in  other  cases 
death  may  ensue  before  any  is  found,  as,  for  instance,  in  caseous 
pneumonia. 

Tubercle  Bacilli  (see  Fig.  14). — The  search  for  these,  the  most 
important  proof  of  tuberculosis,  should  be  made  with  especial  care. 
The  caseous  particles  already  mentioned  and  described  should  always 
be  selected  if  present;  if  not  found,  small  bloody  or  purulent  masses. 
The  bacilli  may  be  present  in  the  bloody  masses  of  the  initial  haemop- 
tysis. One  must  not  give  up  in  case  no  promising  particles  are  found, 
for  bacilli  may  occur  in  good  numbers  in  the  watery  mucoid  sputum 
as  well  as  in  the  mucopurulent.  It  is  better  to  exhaust  the  resources 
of  a  careful  search  by  the  Sir  Andrew  Clark  method  for  suitable  par- 
ticles before  the  more  elaborate  metho<ls  are  employed.  Five  or  six 
portions  of  the  sputum  should  be  examined.  Since  it  is  often  desirable 
to  demonstrate  the  few  bacilli  sometimes  present,  many  methods  have 
been  proposed.  These  nearly  all  rest  on  the  fact  that  the  sputum  may 
be  rendered  homogeneous,  then  the  organisms  sedimented  to  the 
bottom  or  salted  to  the  top  of  the  fluid. 

To  render  the  sputum  homogeneous  it  may  be  boiled  with  an  equal 
amount  of  5  per  cent.  KOH ;  or  diluted  with  two  volumes  of  water  and 
then  KOH  added  until  2  per  cent.,  then,  if  necessary,  heated ;  or  what 
is  better,  saturated  calcium  hydroxide,  10  parts,  is  added;  or  5  per 
cent,  carbolic  acid  nine  parts  to  one  of  sputum;  or  the  sputum  is 
digested,  5  to  10  ccs.  of  sputum  being  mi.ved  with  ten  volumes  of 
0.2  per  cent,  soda  to  which  is  then  added  0.5  gm.  pancreatin  and  it 
put  in  the  thermostat  for  from  six  to  twenty-four  hours.  A  little 
phenol  pht  hale  in  is  added  to  make  sure  the  reaction  remains  alkaline. 
Of  these  methods,  the  heating  with  KOH  is  the  least  useful,  since  it 
certainly  changes  the  staining  properties  of  the  bacilli. 

The  sputum  now  homogeneous,  it  remains  to  concentrate  the 
bacilli.  This  cannot  l>e  done  by  simple  centrifugalization.  since  the 
specific  gravity  of  the  bacilli  is  the  same  or  lighter  than  that  of  the 
fluid,  and  after  standing  even  eight  times  as  many  may  be  found  in  the 
supernatant  fluid  as  in  the  sediment.  The  specific  gravity  of  the  fluid 
must  be  changed,  made  lower  than  loio  or  higher  than  1080  {the 
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limits  of  the  specific  gravity  of  a  culture  of  these  bacilli).  The  addi- 
tion of  an  equal  amount  of  alcohol  will  accomplish  the  fomier,  but 
alcohol  seems  to  affect  the  bacilli;  or  an  equal  volume  of  25  per  cent. 
NaCl  solution  added  and  the  bacilli  removed  later  from  the  upper 
layers.  The  specific  gravity  of  sputum  varies  from  0.929  to  1.2242. 
It  is  well  to  add  a  little  egg  albumin  to  fix  the  organisms  to  the  glass. 
Some  prefer  to  make  the  specimens  on  cover-glasses;  others  use  slides, 
which  is  easier  and  allows  a  larger  surface.  The  smears  are  best  made 
with  a  needle,  holding  the  slide  above  a  flame  at  such  a  distance  that 
the  specimen  is  merely  warmed.    The  mucus  then  is  easily  spread. 

Stahiing. — The  tubercle  bacillus  is  acid-fast,  but  as  there  are  other 
organisms  with  this  property  to  the  same  or  a  less  degree,  one  must 
be  on  his  guard.  The  Ziehl-Xeelsen  carbol  fuchsin  is  generally  used 
(fuchsin,  1  gni. ;  absolute  alcohol.  10  cc. ;  5  per  cent,  carbolic  acid 
100  cc. ).  The  specimen  may  be  stained  either  by  heat  or  in  the  cold. 
If  by  heat,  the  slide  is  covered  by  the  stain  and  then  held  over  a  small 
flame  of  a  Bunsen  burner  until  the  boiling  point  is  reached.  As  the 
stain  evaporates,  more  must  be  added,  as  the  specimen  must  be  well 
covered  or  the  glass  will  crack  or  portions  dry  down  which  it  is  very 
hard  to  decolorize.  The  stain  should  boil  well  fur  from  one  to  four 
minutes,  or  until  the  crystals  of  fuchsin  are  seen  on  the  surface.  To 
boil  well  for  a  quarter  to  half  a  minute  is  usually  enough ;  mere  steam- 
ing is  insufficient.  The  stain  is  poured  off,  the  smear  washed  in  water, 
and  blotted.  By  the  cold  method  the  specimen  is  imnierse<l  completely 
for  twenty-four  hours.  If  cover-glasses  are  used  they  are  floated  in 
a  watch-glass  full  of  the  boiling  stain.  It  should  be  borne  in  mind 
that  it  is  essential  to  overstain  as  much  as  pos-sible,  since  with  even 
the  best  technique  it  is  quite  certain  that  only  a  fraction  of  the  bacilli 
will  hold  the  stain.  The  mediods  of  decolorizing  vary  considerably. 
One  of  the  best  decolorizing  agents  is  2  per  cent.  HCl  in  80  per  cent, 
alcohol;  the  smear  is  decolorized  until  only  the  thickest  portions  are 
retl,  then  washed  in  water.  Others  use  25  per  cent,  nitric  acid  until 
the  fuchsin  tint  is  gone.  This  may  be  controlled  under  the  microscope. 
It  is  then  washed  in  water.  If  some  color  returns,  this  specimen  is 
covered  again  with  nitric  acid  and  again  washed  in  water.  It  is  then 
washed  with  alcohol  and  then  with  water.  This  whole  process  is  to 
he  repeated  if  necessary.  When  well  decolorized,  only  the  thickest 
parts  of  the  smear  will  show  any  red.  For  conutor-staining,  Loefller's 
methylene  blue  may  be  used  (the  smear  covered  with  this  fur  al>out 
five  seconds,  then  well  washed ).  By  either  of  the  alMwe  methods  most 
of  all  the  other  "  acid  fast"  bacilli  are  deculorize<l.  If,  lnnve\'er,  there 
is  no  doubt  about  the  diagnosis,  and  one  wishes  merely  to  follow  the 
number  of  bacilli  present,  Gabbett's  methylene  i)lue  is  used  because  of 
its  simplicity  ( i  to  2  gms,  of  methylene  blue,  i.e.,  to  saturation,  in  100 
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cc.  of  25  per  cent.  H2SO,).  The  specimen,  dried  with  filter  paper,  is 
covered  with  this  for  from  one  to  five  minutes.  It  is  then  washed  off 
and  examined  grossly.  If  any  pink  can  be  seen  grossly  the  process  is 
repeated.  By  means  of  this  stain  we  both  decolorize  and  counterstain 
at  the  same  time,  hence  cannot  tell  when  decolorization  is  complete. 
The  thinner  the  smear  the  more  quickly  is  it  decolorized.  Sulphuric 
acid  certainly  "bums"  the  specimen,  and  the  morphology  is  never  as 
nice  as  with  nitric  acid,  since  the  bacilli  seem  thicker  and  the  beading 
is  less  distinct.  In  fixing,  too  high  heat  should  be  avoided,  since  it 
injures  their  staining  quality:  in  any  doubtful  cases  it  is  said  to  be 
better  to  use  the  cold  method.  Pap]>enheini  '*  has  recommended  a 
stain  supposed  to  be  very  su|>erior  for  its  differentiating  qualities.  This 
seems  unnecessary,  however,  to  those  who  have  most  experience  in  the 
practical  side  of  the  work. 

u  ■  --  ▼ 

Fio.  u.— Tubercle  harilli,  naiiied  wilh  caibol  luchsin.  and  decoloriied  wilh  nitric  acid.    X  900. 

Morphology  of  the  Tubercle  Bacillus. — As  a  rule,  they  are  from 
*-5  *"  3-5  microns  long  and  0.2  micron  wide.  Sometimes,  however, 
they  are  verj-  much  longer,  even  1 1  microns.  As  a  rule,  they  are  bent, 
sometimes  much  curved,  and  branching  forms  ha\'e  been  described. 
They  may  <KCur  in  chains.  The  curving  may  be  so  extreme  that  they 
present  a  spirochete  form.  They  are  often  beaded,  from  one  to  eight 
beads  in  a  rod,  and  resemble  a  streptococcus.  This  appearance  is  now 
described  as  vacuolization,  that  is  degeneration.  It  occurs  in  all  classes 
of  cases.  The  bacilli  are  scattered  or  in  clumps,  sometimes  parallel, 
sometimes  crossed.  It  is  doubtful  that  the  young  bacilli  stain  less 
intensely  than  the  older. 

The  acid  fast  orgauisms  have  now  attracted  much  attention,  and 
their  list  is  rapidly  growing.  Borrei  *"  gives,  among  others  in  a  long 
list,  the  Bacillus  tulwrculosis  (Koch);  Bacillus  leprre;  the  smegma 
group,  from  which  several  have  been  isolated,  and  which  occurs  over 
the  whole  surface  of  the  body  wherever  skin  .'secretion  collects,  in  ceru- 
men and  other  secretions. — also  the  nose  and  eye;   the  milk  and  butter 

"Berl.  klin.  Wochensclir.,  i8g8,  No.  47. 
"Bull.  Inst.  Pasteur,  May  30,  1904. 
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bacilli  (Rabinowitch)  ;  those  of  certain  grasses  (timothy  hay  bacillus 
and  the  grass  bacillus  of  Moeller) ;  of  sewer  water;  of  soil,  and  a 
bacillus  of  manure  (Moeller).  In  man  such  organisms  have  been 
found  in  urogenital  diseases,  typhoid  stools,  lung  troubles  (pseudo 
tuberculosis),  and  pulmonary  gangrene.  Similar  ones  are  found  in 
tuberculosis  of  birds,  fish,  reptiles,  rats,  and,  of  course,  of  cattle  which 
organism  is  now  quite  generally  granted  to  be  Koch's  bacillus.  Borrel 
states  that  many  of  these  cannot  be  distinguished  from  their  appear- 
ance alone. 

But  in  addition  to  the  acid-resisting  property,  that  to  alcohol  is  also 
important,  hence  our  stains  now  include  both  decolorizing  agents. 
This  means  that  Gabbett's  methylene  blue  is  no  longer  used,  with  the 
result  that  the  above  list  is  much  reduced  so  far  as  danger  of  mistake 
is  concerned. 

Some'^  consider  that  several  of  these  organisms  belong  in  one 
group,  including  the  tubercle  bacillus,  and  are  closely  allied  to  the 
actinomycoses.  Several  organisms  from  cases  resembling  tuberculo- 
sis have  now  been  described  which  resemble  much  the  tubercle  bacil- 
lus. Ophiiles.^'  for  instance,  in  five  cases  of  gangrene  found  acid- 
resisting  organisms  in  each,  "  long,  slender,  more  or  less  curved  rods 
or  threads,  with  irregularly  staining  protoplasm,  which  frequently 
occur  in  clusters.  In  all  cases  it  was  possible  to  find  individuals  which 
showe<l  true  branching."  But  these  all  decolorized  in  acid  alcohol,  nor 
were  they  very  resistant  to  acid. 

The  opinion  expressed  by  those  who  ha\-e  examined  several  of  the 
above  forms  is  that  they  decolorize  rather  easily  in  acid,  and  that  if 
one  use  both  aci<l  and  alcohol  there  is  little  danger  of  mistake  from 
those  organisms  which  moqjhologically  resemble  the  tubercle  bacillus. 
Yet  it  is  to  be  emphasized  that  these  pseudotuberculosis  organisms  are 
studied  chiefly  from  cultures,  and  hence  may  not.  and  in  some  cases  do 
not,  have  exactly  the  same  staining  properties  as  when  in  the  body 
secretions.  It  is  not  so  easy  to  inoculate  an  animal  and  recover  these 
germs  as  in  the  case  of  the  tuliercle  bacillus.  The  question  in  the 
sputum  is  not  so  difficult  as  in  the  urine,  yet  it  may  not  be  true  that 
every  acid-alcohol-fast  bacillus  is  the  tubercle  bacillus,  and  animal 
inoculation  is  the  ultimate  court  of  appeal. 

In  searching  for  tubercle  bacilli,  if  the  sputum  lie  homogeneous  it  is 
well  to  study  many  specimens.  Ten  are  recommended  by  some.  In 
the  techniciue  of  this  clinic,  using  only  selected  i>articles.  we  consider  it 
is  necessary  to  examine  but  three.  If  we  find  none,  we  prefer  to  give 
a  negative  result  and  ask  for  another  specimen,  rather  than  search 
longer  in  that  same  sputum.    Bacilli  are  most  numerous  in  the  muco- 

"  See  .^bboll  and   Gilderskeve,  Cenlralbl.   f.   Bakt.,   1902,  xxxi,  p.  547. 
■Journ.  of  Med.  Research,  1902,  iii,  p.  242. 
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purulent  or  pure  purulent  sputum  of  cavities.  They  are  very  rare  in 
the  fibroid  fomi  of  the  disease,  also  in  the  caseous  pneumonia  before 
disintegration  of  the  lung.  One  negative  examination  is  valueless. 
Some  will  search  for  three  days,  others  say  six  or  seven,  while  in  our 
cases  we  believe  in  searching  as  long  as  there  is  sputum,  and  in  one 
case  the  bacilli  were  found  only  on  the  nineteenth  examination,  and 
Brown  tells  of  one  positive  only  on  the  twenty-sixth  daily  trial.  All 
other  methods  failing,  the  inoculation  into  the  guinea-pig  may  be 
resorted  to.  "  It  is  of  doubtful  value  to  put  the  sputum  in  the 
thermostat  that  the  bacilli  may  grow." 

The  prognostic  value  of  sputum  examination.*^  When  it  is  remem- 
bered that  possibly  many  of  the  tubercle  bacilli  are  not  stained  at  all; 
that  old  foci  may  give  off  very  few  and  young  foci  no  bacilli  at  all, 
however  actively  they  may  be  forming;  that  by  the  occlusion  of  the 
bronchus  the  contents  of  the  focus  may  be  shut  off  entirely  for  a  time 
and  when  expelled  the  sputum  contain  a  vast  number  of  tubercle  bacilli ; 
that  they  may  be  present  one  day,  then  not  again  for  months ;  that  in 
the  same  specimen  the  organisms  may  be  abundant  in  one  part  of  the 
specimen  and  none  in  others ;  that  some  persons  with  fatal  tuberculosis 
have  no  bacilli  in  the  sputum,  as,  for  instance,  caseous  pneumonia  and 
acute  miliary  tuberculosis,  while  in  other  cases  the  bacilli  are  present 
even  before  the  physical  signs:  lastly,  that  in  the  severe  cases  with 
bronchitis  the  secretion  of  the  bronchi  will  dilute  the  sputum  and  give 
the  appearance  of  a  diminution  in  the  bacilli,  it  will  be  seen  that  one 
must  be  very  guarded  in  his  use  of  the  examination  in  forming  an 
opinion  of  the  prognosis.  In  general  it  may  be  said  that  while  the 
examination  of  one  specimen  is  of  no  value  for  this  purpose,  repeated 
examinations  are  of  use.  Brown  recommends  the  application  of  a 
modified  GafTky's  table  in  following  a  case  {1/12  oil  objective,  11 
ocular  used). 

I.  Only  I  10  4  bacilli  in  whole  preparation. 

II.  Only  I  on  .in  average  in  many  fields. 

III.  Only   I   on  an  average  in  each  field, 

IV.  2  to  3  on  an  average  in  each  field. 
V.  4  to  6  on  an  average  in  each  field. 

VI,  7  to  12  on  an  average  in  each  field, 
VII,   1.1  10  25  on  an  average  in  each  field. 
VIII.  .Mmiil  50  on  an  average  in  each  field. 
IX.   About   100  on  an  average  in  each  field. 

Cases  are  thus  classified  an<l  designated  by  the  Roman  numeral, 
AuKmg  some  of  the  general  points  it  may  lie  said  that  while  no 
nunilier,  form,  arrangement,  or  staining  qualities  of  the  organisms  is  of 

"Brown,  Montreal  Mefl,  Journ,.  October,  igoc  ;  Jonrn,  Amer,  Med,  .■\^wc,, 
February  21,  1903.  The  reader  is  referred  to  these  articles,  from  which  the  most 
of  the  following  paragraph  is  quoted. 
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absolute  importance,  the  continued  expectoration  of  large  numbers 
would  indicate  a  cavity ;  the  sudden  increase  in  their  number,  diffusely 
spread,  very  numerous,  and  an  increase  in  the  cellular  elements,  would 
indicate  disintegration;  the  steady  decrease  lasting  for  some  time 
would,  if  the  physical  signs  also  improve,  indicate  improvement;  the 
case  should  be  called  "  healed"  only  when  the  bacilli  are  absent  for  a 
long  time.  On  the  other  hand,  the  continued  presence  of  large  num- 
bers does  not  of  necessity  indicate  an  active  process,  as,  for  instance, 
Fowler's  case,  in  which  for  fourteen  years  bacilli  in  large  numljers 
were  constantly  jiresent,  and  yet  the  case  was  in  fair  health  and  e\-en 
improving.  Such  a  case,  it  is  needless  to  say,  is  the  source  of  the 
greatest  danger  to  his  neighbors,  expectorating  as  he  may  from  three 
to  four  billion  bacilli  each  day.  Trudeau  has  mentioned  a  similar  case 
extending  over  a  period  of  ten  years. 

Many  have  considered  that  the  form  of  the  bacillus  is  a  more  im- 
portant sign  than  the  numliers,  the  predominance  of  short  rods  indi- 
cating a  rapid  growth,  while  that  of  long  a  slower;  yet  both  forms 
coexist.  Brown  considers  that  while  in  general  morphology  gives 
little  or  no  aid,  yet  a  predominance  of  short  rods  does  indicate  a  more 
active  process.  Others  claim  that  the  arrangement  is  the  im|>ortant 
thing,  that  their  presence  in  clumps  and  parallel  groups  indicates  a 
lively  growth,  and  groups  of  short  bacilli  a  bad  prognosis.  Yet  these 
clumps  may  he  found  in  all  cases,  but  more  often  in  the  severer.  Bacilli 
which  stain  deeply  are  considered  to  possess  an  especially  bad  viru- 
lence. Vet  the  exceptions  to  all  such  rules  are  so  numerous  that  they 
may  be  held  only  in  a  very  broad  way. 

The  question  is  often  asked.  Is  the  discovery  of  a  single  bacilhis  of 
importance?  Attention  should  Iw  called  to  the  fact  that  while  these  so- 
called  single  bacilli  are  very  often  not  bacilli  at  all.  in  some  cases  one 
single  bacillus  will  lie  found  concerning  which  there  is  little  dmibt; 
that  these  may  have  been  <lepositerl  from  the  air:  some  other  con- 
taminating means  must  always  be  borne  in  mind,  and  the  discovery 
confirmed  on  following  days.  Yet  with  careful  technicjue  the  presence 
of  one  bacillus  certainly  is  important.  On  the  other  hand,  the  repeated 
negative  examinations  do  not  necessarily  exclude  tuberculosis,  as  in 
one  of  our  cases,  it  was  only  on  the  nineteenth  day  of  re[)eated  exami- 
nation that  the  bacilli  were  discovered. 

A  fairly  accurate  estimation  of  the  number  i>f  bacilli  may  be  made," 
hut  for  clinical  purposes  is  not  worth  the  considerable  trouble  it  takes. 

Sputum  from  a  Cavity. — Some  of  the  older  writer,';  (W'inkel) 
have  considered  that  the  odor  of  the  breath  was  of  particular  im- 
portance. The  stagnant  sputum  from  cavities  has  a  heavy  penetrating 
sweetish  odor,  and  this  gives  its  odor  to  the  breath.  Tn  some  cases  the 
"  Nuuall,  Johns  Hopkins  Hosp.  Bull,  May,  i8gi. 
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sputum  from  such  a  cavity  in  the  cup  will  be  odorless,  while  the  hrcath 
is  must  offensive  1  se«  i^agc  2 j ) , 

Uitririg  cavily  excavation  ihc  spiiuiin  is  inucuimruleiit,  exiwUcd  in 
masses  which  flatten  in  the  cup  to  fnmi  coin-shai>cd  clumps,  the  so- 
called  "  imnmuila:,"  These  are  seen  especially  in  the  dark  {ircai  or 
grass-green  sputa  of  caseous  ptieutnonia  with  cavily  formation.  They 
arc  green  or  dirty  grayish-green  in  color,  isolated,  do  not  coalesce,  antl 
consist  chiefly  of  pus;  they  sink  at  once  in  water;  their  odor  is  not 
ba<I,  Some  are  full  <if  small  points,  even  niillel-sced  in  size,  containing 
nmch  hiack  pigment  and  elastic  tissue,  granular  detritus,  and  few  pus- 
ccMs.  The  cavity  is  full  of  such  material,  These  are  not,  as  was 
formerly  supposed,  characteristic  of  ca\  ity,  for  masses  macroscopically 
similar  arise  also  in  the  larger  bronchi.  When  softening  is  rapid 
the  expectoration  of  too  to  1 50  cc.  a  day  of  sputum  is  nut  rare.  From 
large  cavities  most  is  cNpcctoraled  in  the  morning.  Blood  is  often 
present,  which,  if  retained  in  the  cavity,  is  expectorated  in  blackish 
clots.  In  case  the  cavity  communirate*  with  the  hrnnchus  by  a  fine 
hole,  there  may  result  the  same  skein  of  pus  descrilwd  under  abscess 
of  Ihc  lung.  The  si)utuni  often  has  a  sickening  sweetish  odor.  In 
CISC  bronchiectasis,  gangrene,  or  putrid  bronchitis  occurs,  with  de- 
com|M>sition  the  odor  may  be  foul,  but  it  is  remarkable  how  seldom 
these  occur. 

CAs  the  cavity  clears  and  becomes  lined  with  connective  tissue,  the 
character  of  the  sputnm  changes  considerably.  Wc  then  have  the 
"  sputa  globutosa,"  consisting  of  balls  of  a  grayish-white  color,  thick, 
rounded,  shaggy  masses. — a  conglomerate  of  nuicus.  detritus,  and 
pus, — some  of  which  sink  in  water,  but  not  all.  Large  tissue  frag- 
ments arc  rare  unless  the  connective-tissue  proliferation  be  rapid  and 
dissects  off  i)anicles  of  the  necrotic  cavity  wall. 

Hkmhrhha<;i:.— This  occurs  in  the  majority  of  ciscs,  in  amounts 
varying  imm  small  flecks  to  aipfuls.  In  some  cases  the  number  of 
hemorrhages  is  so  great  they  arc  tenned  "  h.T.'mopty*icar*  cases. 
Hcitwrrhage  occurring  early  in  the  disease  is  very  frc(|ticnt,  hut  sel- 
dom great,  and  recurs  often.  This  is  tlie  so-called  "  inflammatory 
^^L hemorrhage,"  seen  especially  at  the  onset  of  a  caseous  pnenmnni.T  or 
^Vduring  acute  exacerbations  of  the  consolidation.  It  has  the  same  sii;- 
niBraiice  as  in  acute  lobar  pnetnnonia.  the  blood  escaping  by  diapedesis 
or  from  erosions  of  the  mucosa.  Later  in  the  rlisease.  however,  the 
henn)rrhages  arc  of  a  very  different  character,  since  then  profuse  and 
»omctift»es  fatal,  occurring  without  warning  in  a  person  appareiUly 
recovering.  Such  arise  fnun  the  rupture  of  tlic  small  miliary  aneu- 
risms in  arteries  which  cross  a  cavity  or  arc  ex|M>sed  in  its  wall. 

Croupous  Pneumonia. — In  true  lobar  pneumonia  very  rarely  there 
is  no  sputum  at  all.  except  in  the  case  of  very  old  or  very  young 
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patients.  At  the  onset  a  hemorrhage  is  sometimes  the  initial  symptom. 
In  other  cases  the  sputum  is  mucoid  and  abundant  for  even  four  or  five 
days,  but  very  soon  becomes  bloody,  at  first  from  the  presence  of  un- 
changed red  blood-cells.  This  sequence,  mucoid  then  blood  sputum, 
marks  the  progress  of  the  infiammation  from  bronchi  to  alveoli.  The 
sputum  at  this  stage  is  remarkably  transparent,  since  the  cells  are  not 
present  in  rouleaux  but  are  scattered  singly  throughout  the  mass. 
Soon,  however,  the  sputum  becomes  rusty,  is  then  characteristic  in 
appearance,  and  when  typical  a  diagnosis  may  be  made  from  it  alone, 
even  when  other  signs  fail.  This  rusty  sputum  is  homogeneous,  glairy, 
almost  transparent,  so  tenacious  and  jelly-like  that  the  cup  can  often  be 
inverted  without  the  loss  of  any.  The  color  is  due  to  the  transformed 
haemoglobin,  and  microscopically  very  few  red  blood-cells  can  be 
found.  The  above-described  sputum  is  present  only  in  cases  in  which 
there  is  not  much  catarrh  of  the  larger  bronchi,  which  furnishes  muco- 
purulent masses.  In  amount  it  varies  from  alraut  150  to  300  cc.  per 
day.  When  small  in  amount  it  dries  rapidly  in  the  cup,  since  there  is 
so  much  albumin,  so  little  mucus. 

Blood  is  a  tjuite  constant  feature  of  pneumonic  sputum.  For  the 
most  part  uniformly  distributed,  it  often  is  also  present  in  streaks 
of  varying  size,  while  in  other  cases  the  sputum  is  almost  pure  blood. 
If  the  process  extends  to  another  part  of  the  lung  a  rusty  sputum 
may  again  become  bloody. 

In  color  it  is  typically  of  a  rusty  yellowish-brown  hue,  but  in  other 
cases  with  physical  characteristics  the  same  it  is  of  an  orange-yellow, 
a  lemon-yellow,  or  a  grass-green  color;  in  fact,  all  the  possible  shades 
which  are  seen  in  subcutaneous  bruises.  These  colors  are  due  to  dif- 
ferent o.xidation  stages  of  unknown  hemoglobin  derivatives  (Traube). 
The  sputum  may  ap[>ear  jaundiced,  but  this  term  sliould  never  be  used 
unless  the  skin  is  icteroid. 

Microscopically  is  seen  a  transparent  background  with  some  red 
blood-cells  which  are  swollen  and  pale  as  a  rule,  others  well  preserved ; 
many  epithelial  cells,  columnar  or  pavement;  lymphocytes,  granular 
cells,  and  oil  globules.  Chemically,  this  sputum  is  characterized  by 
the  absence  of  the  alkaline  phosphates,  the  excess  of  ))otassium  over 
sodium,  an  increased  amount  of  sulphates,  and  a  large  amount  of 
soluble  proteid.  The  fixed  salts,  usually  about  18  per  cent.,  are  in  these 
cases  about  26  per  cent. 

At  the  crisis  the  sputum  loses  its  rusty  color  and  becomes  muco- 
puruknt,  more  or  less  abundant,  ami  finally  white  mucus.  "  !n  no 
other  (disease)  is  the  cycle  of  sputa  changes  so  marked  or  of  so  great 
diapniistic  value  as  in  this  disease"  (^Tacken7ie). 

In  aiidition  to  the  study  of  the  individual  cases,  a  series  of  nincly-foiir  were 
eonipileii  to  get  some  general  idea  o(  the  relnlive  frequency  of  the  different  forms 
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of  sputum  in  out  cases.  Twenty-one  per  cent,  of  ibe  cases  denied  to  have  hail  any 
sputum  at  the  onset  of  the  disease ;  46  per  cent,  denied  that  it  was  bloody, 
whereas  33  per  cenL  stated  that  the  first  sputum  that  was  noticed  was  t^lighily 
bloody.  During  the  course  of  the  disease  16  per  cent,  of  the  cases  had  little  or 
almost  no  sputum.  One  case  was  in  the  hospital  seventeen  days  without  any  ex- 
pectoration, and  other  cases  about  seven  days.  In  32  per  cent,  the  sputum  was 
typically  rusty;  in  39  per  cent,,  not  only  rusty  but  hlood-.'itreaked ;  in  3  per  cent., 
very  bloody ;  while  in  10  per  cent,  at  no  time  during  the  disease  was  any  blood 
noted. 


Variations. — If  bronchial  catarrh  be  also  present,  that  is,  when 
a  pneumonia  supervenes  on  a  chronic  bronchitis  (Traiibe),  the  sputum 
consists  of  nii.«d  rusty  pneumonic  and  mucopurulent  bronchitic  sputa. 
It  is  therefore  quite  fluid.  It  may  not  be  rusty  at  all;  it  may  be 
bloody  mucoid  pus.  In  some  cases,  instead  of  rusty  it  is  very  bloody; 
e.g..  tile  so-called  "  hzeinorrhagic  pneumonia"  of  the  aged.  In 
chronic  passive  congestion  due  to  heart,  lung,  or  renal  disease,  we 
have  the  characteristic  "  brick-red"  sputum,  thin  like  that  of  oedema, 
and  very  bloody.  This  is  the  sputum  of  "congestion"  or  "serous 
pneumonia"  (Traube).  It  is  seen  when  the  inflammation  proceeds 
by  starts. 

The  green  sputa  are  of  particular  importance :  in  cases  of  delayed 
crisis  and  lysis  but  in  which  perfect  resolution  may  follow,  in  a  case 
clinically  becoming  serious  it  is  an  important  warning;  it  may  be  the 
first  symptom  of  abscess  of  the  lung,  and  should  always  arouse  sus- 
picion in  a  case  with  an  abnomia!  course;  in  cases  in  which  the  skin 
is  jaundiced  it  has  no  significance;  and  lastly  and  most  important,  it 
may  be  the  first  indication  that  the  diagnosis  of  croupous  pneumonia 
was  incorrect,  and  a  search  should  at  once  be  begun  for  tubercle 
bacilli. 

The  sputum  in  the  case  of  pneumonia  which  ends  in  necrosis  or 
gangrene  presents  characteristic  changes.  It  soon  loses  its  tenacious 
and  rusty  character,  becomes  more  fluid,  its  color  that  of  coffee,  then 
prune  juice,  and  later  chocolate-brown.  The  red  blood-cells  dis- 
api)ear.  The  odor,  at  first  absent,  is  stale  and  later  decidedly  fetid, 
(iranular  detritus  appears,  and  then  necrotic  fragments.  Or  it  may 
throughout  be  prune  juice  in  nature.  This  is  rare.  From  these 
sputum  changes  the  diagnosis  can  he  made  before  the  tissue  frag- 
Tiients  appear.  The  reason  for  the  color  has  been  .somewhat  ques- 
tioned since  the  red  blood-cells  are  described  in  cases  as  well  preserved. 

The  fTitiiC'jiiicc  sptitutn  is  also  of  particular  importance.  It  usu- 
ally indicates  a  severe  type  of  the  disease;  in  other  cases  tedenia  of 
the  lungs  superseding  on  a  pneumonia,  which  occurs  particularly  in  old 
patients;  in  other  cases  it  indicates  a  low  type  of  the  disease;  while 
still  again,  and  in  these  cases  without  any  serious  significance,  it 
merely  signifies  a  lieginning  resolution. 
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Fibrin  coaguta  arc  commonly  ioiiiiH  in  .1  rtjsly  >^piitHm.  as  often, 
sa}*!.  Dr.  Osier,  as  the  >cart-|i  is  made  fur  tlieii).  Suspicious  masses 
sixiiild  l)e  shaken  out  in  water.  These  may  be  hentilifiil  branching 
fibrin  casts  of  varying  size,  the  larger  witli  hollow  branches.  In  some 
very  urclty  casts  there  are  found  clots  ami  small  collections  of  Itloixl 
in  thf  luiiieii  al  each  hifnrcatinn  of  the  branches.    In  one  case  ibe  cast 


Fi&.  i5.~Fit>rlii  <ul  from  ■>  one  at  double  ■•■■camonl*.  Ntlurnl  bite,  Thr  paiicm  w»  i  man  Aj 
yOBnof  nc«.  The  n*i  wh«  cxpntomvd  on  Ihr  hiiih  day  nf  n  dcmblr  jincumciiiiap  foiliytfi  b)>bcimir- 
rh*|*.    l>f«tli  un  iht  Mvtiiih  dny, 

seemed  lo  lie  from  two  entire  lobes,  one  of  each  lung,  and  hence  to 
cross  the  bifnrcation  of  ibc  trachea.  This  cast  is  jiiclmed  in  natural 
si/e  as  ["ig.  15.  CursclitiuiitH  spiruls,  and,  in  fact,  every  constituent 
of  asthma,  may  be  found. 

TtiiB  wai  btaiiiifiiUy  ilkisiralvd  in  V'icrordt'*  case"  of  typienl  pneumonia  hat 
will)  inlcnff  gcnrrnl  bionchilis  nnil  tilnorly  tpulum  nil  tlie  fourth  anil  fittli  dnys, 
with  many  fibrin  coagtilo.  which  were  puriicuUily  boHxiiitiil  011  ihe  scventli  day.  at 

"  B<-rt,  klin  Wochcnsehr..  July  16,  1883, 
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which   lime  aliu  »pirab   were  foimit  and  ic^oluitoii   liegan.     Prom  thU  time  on 
were  (ound  beautiful  Cur^climiinn  sjin^U;   iiu  Cliarcui-Lcyiien  cryiiah. 


The  Diplococcui  laiiccolalus  is  present  in  larf;c  iniinbcrs  in  the 
sputtini,  anil  may  l)c  stained  by  Gram's,  wliili-  tlie  cnpsiile  may  also  be 
deimmst rated  l)y  tlic  projicr  nictliods.  The  mere  demonstration,  how- 
ever, of  Ihi-i  •■rgniiism  has  lilile  diagnostic  imix>rtance.  since  it  occurs 
in  oilier  comhtimis. 

Ill  the  subacute  indurative  pneumonia  the  sputtmi  may  a)ntain 
blotxl.  but  is  seldom  rusty.  It  is  iisiially  ahntidant.  There  is  a  decided 
tendency  for  it  later  to  become  fetid. 

Chronic  Interstitial  Pneumonia. — In  this  disease  the  cough  is 
often  iiarnxysinal.  ami  in  general  the  expectoration  is  c<:>pions.  of  a 
mucopurulent  or  a  scropimilcnt  nature,  and  sometimes  fetid.  liemor- 
rliaiic  is  prescnl  in  about  one-half  of  the  cases. 

Bronchopneumonia — This  term,  which  includes  also  the  hypo- 
static, and  the  pneiunmiia  of  a'^piralioii.  is  accompanied  by  an  expec- 
toration which  combine*  the  bronchitic  with  tlic  pneumonic,  that  is, 
a  mixture  of  rusty  with  nuicDpnniient  ^pulllnl,  Somelimes  the  transi- 
tion from  a  bronchitis  to  a  hronchopncnmouia  may  be  suspected  from 
the  changes  in  the  sputiuii;  it  bc:c<mics  less  in  amount,  viscid,  difficult 
lo  expel,  .ind  may  lie  streaked  with  blood,  hut  it  is  almost  never  typi- 
cally ru.*ty. 

Influenza. — The  .sputum  in  the  pulmonary  ty])e  of  this  disease  as 
it  occurs  in  ci^demics  is  at  lirst  tenacious  and  scaiUy,  hut  later  in- 
creases, becoming  often  large  in  amount,  a  mucopurulent,  very  thin 
fluid,  in  which  swim  purulent  masses.  It  is  often  quite  bloody.  Pfcif- 
fer  cousi<Iers  that  ihe  most  characteristic  spnttmi  is  green ish-yellow  in 
color  with  lumps  uf  pus  in  coin-shaped  masses.  In  this  sputum  the 
influenjia  bacillus  may  early  be  isolated  in  almost  pure  culture. 

But  pulmonary  infection  by  the  influenza  organism  is  not  confinwl 
to  limes  of  epidemics,  but  lias  proven  a  very  common  disease.  Lord.*" 
in  too  non-tuberculous  cases  with  cough,  found  this  1>acilhis  in  60,  and 
of  these  in  practically  pur*  culture  in  2y.  Such  cases  are  mistaken 
for  chronic  bronchitis,  asthma,  or  even  tuberculosis,  there  being 
nothing  distinctive  in  the  clinical  picture;  the  organism  must  be 
fotmd,  Tile  duration  in  such  cases  may  be  months  or  years,  even  in 
one  of  Ixrd's  cases  forty-four  years.  Since  making  a  routine  exami- 
nation for  this  organism  in  this  clinic  a  surprisingly  large  numtwr  of 
cnscs  has  been  found.  For  Lord's  method  of  cultivating  the  organism 
the  reader  is  referred  lo  bis  p;iper, 

To  recognize  these  Ixicilli  in  the  sputum  it  is  not  so  much  a  matter 
of  stain  as  f.imiliarity  with  their  uifirphology.    They  arc  first  decolor- 

"  BoMoo  Med.  and  Sutg.  Jour..  Uccernber  11,  190/. 
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ized  with  Gram's,  and  a  good  counter-stain  then  used.  Bismarck  brown 
is  the  best  counter-stain,  or  safranin.  (Twenty  cc.  of  saturated  alco- 
holic solution  of  Bismarck  brown  diluted  with  80  cc.  of  water.) 
Methylene  blue  gives  an  uncertain  color,  and  it  is  often  hard  to  say 
whether  the  organism  has  decolorized  or  not. 

Smith's  stain  is  preferred  by  some,  and  in  the  hands  of  one  accus- 
tomed to  it  gives  beautiful  pictures.^'  but  others  find  it  too  complicated 
and  unsatisfactory.  Very  fresh  sputum  is  examined;  small  tenacious 
purulent  particles  are  to  be  selected  for  examination ;  very  thin  smears 
are  made. 

A  very  thin  cover-glass  snlear  of  sptilum  h  fixed  by  heat  (passing  it  two  to 
three  times  through  the  flame),  and  covered  with  anihne  oil  gentian  violet.  It  is 
held  well  above  the  tlame.  allowed  to  steam,  but  avoiding  burning.  The  excess 
of  stain  is  washed  off  with  a  solution  of  iodine  in  potassium  iodide  (iodine,  i  part; 
KI,  2  pans;  water,  300  parts).  Then  the  specimen  is  covered  with  this  IKI 
solution  and  the  steaming  continued.     It  is  then  decolorized  as  much  as  possible 


Flc.  16.— Sputum  ot  Influenza  -ilaineil  wilh  Gram's  and  Bismarck  brnwii.  showing  Ihe  influenia  bacillus 
Ibrown).  Ibe  iJiplococLuri  laiicrolrilus  ey  at.  blue.    X  900. 

with  95  per  cent,  alcohol,  and  washed  a  few  seconds  in  an  alcohol-ether  mixture 
(95  per  cent,  alcohol,  4  parts;  ether.  6  parts).  Wash  in  water.  It  is  then  stained 
a  few  seconds  in  a  saturated  aqueous  eosin  solution,  the  excess  oJ  eosin  washed 
off  with  Loffler's  blue,  then  the  specimen  covered  with  this  blue,  steaming  as  licfore. 
Decolorize  slightly  with  95  per  cent,  alcohol:  wash  in  absolute  alcohol,  then  xylol, 
and  mount  In  Canada  balsam. 

The  method  used  here  is  as  follows:  the  fixed  smear  is  stained 
with  the  above-mentioned  aniline  oil  gentian  violet  (Sterling's')  for 
one  ami  one-half  minutes,  and  washed  in  water:  covered  with  Gram's 
solution  one  and  one-half  minutes,  and  again  washed  in  water:  95  per 
cent,  alcohol,  5  minutes;  wash  in  water:  0.2  per  cent,  aqueous  fiis- 
marck  brown,  one  minute :  wash.  ilry.  moitnt. 

The  organism  (see  Fig.  ifi)  is  one  of  the  smallest  of  ilic  bacilli, 
a  short  rod  with  rounded  ends,  often  with  polar  staining,  and  which 
takes  at  best  a  rather  faint  stain.     They  occur  in  group.^;  sometimes 
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of  large  size  and  free,  and  in  groups  inside  leucocytes.  The  question 
has  been  asked  if  this  intracellular  occurrence  does  not  indicate  a 
process  near  its  close. 

Whooping-Cough. — During  the  catarrhal  stage  the  cough  is,  as  a 
rule,  that  of  a  dry  bronchitis.  A  little  later  the  sputum  of  bronchitis 
presents  no  especial  features,  but  during  the  paroxysmal  stage  the 
sputum  is  expectorated  by  very  severe  paroxysms  of  coughing  in 
amounts  very  small  each  time,  and  yet  in  the  aggregate  considerable. 
Such  sputum  contains  almost  pure  cultures  of  bacilli. 

Glanders  of  the  Lung. — In  case  the  disease  extends  from  the  nose 
to  the  bronchi  and  there  excites  inflammation,  the  severe  cough  is 
said  to  be  accompanied  by  a  profuse  purulent  expectoration. 

Asthma. — In  acute  bronchial  asthma  the  sputum  is  perfectly  char- 
acteristic, beginning,  as  a  rule,  only  as  the  paroxysm  begins  to  pass 
off,  or,  as  the  patient  describes  it,  "  breaks,"  and  bringing  with  it  much 
relief.  During  the  paroxysm  itself  there  is  often  no  sputum;  in  other 
cases  it  is  scanty,  clear,  consisting  of  thick  glairy  mucous  balls,  the  so- 
called  "  perles  of  Laennec,"  which  swim  in  a  thin  clear  frothy  mucus. 
In  other  cases  it  is  less  characteristic,  of  a  greenish-yellow  tenacious 
mucus,  and  described  by  the  patient  as  "  rubber-like."  These  perles  are 
pellets  of  a  semi-transparent  mucus,  of  a  pale  gray  color  like  boiled 
tapioca.  In  them  are  mucous  moulds  of  the  smaller  tubes,  and  some 
on  unravelling  are  Curschmann's  spirals.  Early  the  sputum  contains 
a  few  eosinophilic  cells  and  many  alveolar  epithelial  cells  with  myelin 
degeneration.  The  moulds  are  small  cylindrical  or  sausage-shaped 
masses  consisting  of  thick  threads,  or  plugs,  which  may  be  from  i  to 
1.5  cm.  long.  Some  branch,  some  are  narrow  or  straight,  while  others 
are  spiral.  These  have  the  same  significance  as  the  Curschmann 
spirals.  The  amount  of  sputum  at  this  stage  may  be  from  very  little 
to  50  cc.  In  the  sputum  also  may  be  found  alveolar  cells  with  myelin 
degeneration  and  very  few  leucncytes. 

In  2/  per  cent,  of  our  cases  there  were  in  some  of  the  paroxysms  slight  hemor- 
rhages. As  the  attack  "breaks."  however,  the  sputum  becomes  thinner,  more 
liquid,  frothy,  and  much  more  abimdant,  even  zoo  cc.  in  twenty-four  hours.  It 
is  then  a  clear  viscid  fluid,  which  has  lost  considerable  of  its  tenacity,  in  which 
float  mucopurulent  masses.  In  others  of  our  cases,  however,  it  was  still  scanty, 
tenacious,  viscid,  yellowish-white,  and  decreased  in  amount  until  it  disappeared 
entirely.  The  leucocytes  are  present  in  large  numbers,  and  a  large  percentage  of 
them  may  be  eosinophile  cells.  There  are  also  present  large  numbers  of  alveolar 
epithelial  cells,  many  of  them  with  marked  myelin  degeneration;  few  red  blood- 
cells.  In  one  of  our  cases  was  present  a  true  bronchial  cast  about  one  and  three- 
quarters  inches  long,  consisting  of  mucus  and  eosinophile  cells.  Curschmann's 
spirals  were  also  present. 

During  the  next  two  or  three  days  the  character  of  the  sputum  changes  nnieh. 
It  is  often  small  in  amount  and  mucopurulent,  with,  however,  some  clear  frothy 
fluid.  As  a  rule,  now  no  Curschmann's  spirals  are  found,  although  in  one  case, 
ia  which  they  had  been  present  in  good  numbers,  they  were  more  beautiful  than 


62  CLINICAL   DIAGNOSIS 

before.  Fibrin  casts  of  the  bronchi  are  sometimes  present,  occurring  with  the 
spirals,  which  they  may  exceed  in  numbers.  At  the  tip  of  some  of  the  branches 
the  cast  may  be  continuous  with  the  central  fibre  of  a  typical  Curschniann  spiral. 
Along  with  the  spirals  occur  large  numbers  of  cosinophile  leucocytes.  In  some 
cases,  but  rarely,  Mastzellen.  Where  the  eosinophile  cells  are  increased  it  is 
common  also  to  find  the  Charcot- Ley  den  crystals.  Calcium  oxalate  crystals  have 
also  been  found.  As  a  rule,  the  sputum  ceases  as  soon  as  the  attack  is  well  over. 
In  some  cases,  however,  it  is  almost  continuous,  even  loO  cc.  per  day,  but  may 
have  sputum-free  intervals, 

Curschmann's  Spirals. — These  beautiful  structures  occur  at 
some  time  in  perhaps  every  case  of  true  bronchial  asthma.  This,  how- 
ever, does  not  mean  that  they  will  be  found  iu  every  paroxysm  of  this 
disease  hi  which  they  are  sought.  We  have  in  mind  one  case,  a  man 
whose  sputum  several  years  ago  furnished  the  sttidents  with  the  most 
beautiful  spirals.  He  has  since  then  been  admitted  during  the  past 
fifteen  years  fourteen  times  in  acute  attacks  of  asthma.  Only  on  one 
day  of  this  period  was  a  spiral  found.     While  they  may  be  present 


Fig.  17. — Cuntchmann'a  spiral,  from  Lbfi  sputum  ot  a  chsc  of  asthrriA.    X  200. 

during  the  paroxysm,  they  are  found  particularly  just  at  the  end,  as 
the  si)i.]tum  increases,  and,  as  a  rule,  are  absent  after  it  has  become 
mtioipurulent.     They  may  be  present  in  large  numbers. 

In  general,  two  forms  may  be  described.  The  first  is  a  spirally 
twisted  strand  of  mucus  enclosing  leucocytes,  eosinophiles.  ancl  Char- 
cot-Leyden  crystals.  The  second  and  more  l)eautiful  form  consists 
of  a  tight  skein  of  mucus  wound  arotmd  a  central  fibre.  This 
may  be  from  i  to  2  cm.  or  more  Jong  and  i  mm.  broa<l.  It  may  he 
branched.  These  spirals  have  two  parts:  the  "  mantle."  which  is  the 
mucus  surrounding  the  ".  central  fibre."  The  mantle  contain-^,  besides 
eosinophiles,  many  pigmented  epithelial  cells,  some  ciliate<l  cells,  and 
Charcot-Leyden  crystals.  The  arrangement  of  these  cells,  not  mixed, 
but  in  lines  and  groups,  is  interesting.  The  central  fibre,  which  ])r()b- 
ably  consists  of  transformed  mucus,  is  very  refractive.  It  is  a  spirally 
twisted  strand,  homogeneous,  with  a  sharp  contour  or  saw-edged. 
While  the  caliber  varies,  it  is  quite  constant  throtighout  one  spiral. 
Central  fibres  are  subdivided  into  the  small  size,  from  0.5  to  1  micron 
in  diameter,  the  medium-sized,  3  microns,  and  the  thickest,  even   18 
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microtis  in  di.imet«r.  In  spnluiii  wliich  was  hardened  tii  niass<-  and  cut 
in  sections  they  were  fotiix]  l>y  Riige  to  l>e  solid  without  evidence  of 
the  lunn'ii  which  others  have  claiiitc<i.  These  fibres  arc  S'lmetimes  well 
dcvel<n>c<l,  sfiineiinies  preseiil  only  as  a  trace;  ihcy  may  !«  absent. 
They  eml  soniclimcs  as  a  thread,  while  in  other  spirals  ihey  give  oflf  a 
iiitdtiiiide  cif  lateral  tlireads.  The  finer  arc  nften  branches  of  larger 
lhrca<l'..  or  the  smaller  may  unite  tn  form  a  larger.  Some  of  the  larger 
types  give  off  fine  threads  radially  to  the  mantle  in  all  dircclions.  In 
stnicturc  winie  are  lamellated,  while  others  seem  to  be  a  Inindle  of 
parallel  threa<is.  spirally  twisted.  These  central  fibres  may  be  dif- 
fcrentiatcci  by  staining,  and  hence  are  not  optical  phenomena  presented 
by  the  im>st  compressed  part  of  the  spiral,  as  some  claim,  Tliey  ncciir 
aloiie  sometimes  (see  Fig.  iH),  and  have  the  same  significance  as  per- 
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s|>irals.  When  alone  they  arc  spirally  twisted.  In  some  cases 
occur  ]>crfcct  spirals;  in  others,  many  free  central  fibres;  again  others, 
free  central  fibres,  and  some  with  very  imjicrfect  mantles  (see  Fig, 

';)■ 

As  legardji  the  origin  o(  die  gpiraU.  the  central  fihren  are  ceriainly  not  rnsts 
ol  the  imallcr  liroiichi.  Aincc  llicy  nrc  niien  inly  alioul  oitc-lciiili  3s  big.  Schmjill 
claimed  that  for  their  funnaliuii  the  e[iilli«huiii  muni  lie  ucll  preserved,  (hat  they 
CMisiMcd  ol  muciis  McreteO  tri  ilie  ^'iniilU'r  bmnchi.  the  cniitc  rn>ri'!ienljng  ihe 
moM  twiMed  pan.  thai  ii>,  uf  the  Kccalcil  rebiivc  ccimiiacinc» :  anil  (or  ihcir 
lomiation  a  tuui-h  mucus  was  the  iiiipiTtaiM  t\\n\ii.  HufFtriaiin  clnimed  ibni  ihe 
inullrr  bronchi  are  thcm^ielvei  ipiruU.  which  becnnie  il(nishlciii-j  i>iit  h»  the  tunic 
ciip>n<1s.  and  ihni  ihe  luittih  tiiticiK  torceil  lliroiiiih  these  ipiniU  can  fl-itume  Jt 
t]ur«l  ihkpc  Oilicri  claim  thai  the  cilia  motion  in  the  hcnnehi  inuM  be  in  Npiral 
«rairc»i  other*  lluit  the  »iinal  i*  (oiincd  (roni  i  *traight  buml  of  miiinii  which  in 
|u»iin|t  ihe  tMftircHiton  of  two  bronchi  is  whipped  into  a  spiral  ^•y  llie  cilia  o(  the 
oihrr  bronchus,  the  ilircclion  of  who*e  cilia  motion  will  be  lanKeniial  to  ihe  axil 
at  this  thrriid.  GerUch  gave  three  condition);  iicec»ary  for  ihcir  production.— a 
liinall  amounl  o(  very  riftcid  sputtim,  very  forcible  respiratory  movements,  and 
clear  Uonchi  Theie  ihtce  condition*  arc  best  bivcii  in  nsthina.  He  claimed  that 
the  niaiiilc  and  ceniral  fibre  arc  (oriiied  in  the  same  place,  btit  thai  ihc  Inlter  is 
formed  later  and  i*  merely  an  optical  expression  for  that  part  of  the  mucous  man 
K'hich  lus  been  twiitcd  Ihc  mo*t.  We  wouhl  uy.  however,  from  «iuilyiiie  (be 
si>irat«  we  have  seen,  ihnt  while  ihc  central  librc  i*  ilseK  *pirally  twilled,  there 
ar«  many  (ewer  revolmiun^  pet  iniil  of  IcuBih  than  in  Ihc  nianilc. 

In  caves  which  «c  recently  hnil  .1  ch.iiice  to  ttudy  the  si>irali  were  heauiiful, 
about  t.%  cm  lung  and  I  mm.  broad,  ami  with  n  central  thread  so  refractive  that  It 
could  be  ilrfinitely  Kfii  by  the  nakril  ejc  While  frcili  it  i-i  interesting  thai  thi» 
thread  could  not  \te  >iudied  with  the  higher  powers  bccatite  of  ii»  high  refiactivity. 
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and  seemed  to  be  merely  an  optical  phenomenon.  At  certain  points,  however,  where 
the  mantle  was  thin  and  particularly  after  the  spirals  were  allowed  to  dry  some- 
what, it  could  be  easily  studied,  and  was  found  in  some  cases  to  be  a  bundle  of 
twisted  6bres,  The  mantle  was  very  tightly  twisted,  and  on  cross-seciion  at 
certain  points  it  could  be  seen  that  it  consisted  of  spirally  wound  sheets  of  mucus 
reaching  from  the  central  thtead  to  the  periphery.  It  was  filled  with  various  cells; 
among  these,  scjuamous  epithelial  cells,  very  many  alveolar  cells,  many  containing 
coal  pigment,  and  others  modified  ha;moglobin.  In  alt  fields  were  a  great  number 
of  eosinophiles,  in  many,  cylindrical  ceiis  which  appeared  ciliated,  although  the 
cilia  were  not  as  distinct  as  might  be  desired,  and  among  them  goblet-cells.  It  is 
interesting  that  in  the  structure  of  the  spiral  these  cells  were  not  mingled,  but 
each  variety  occurred  In  groups  or  lines  and  large  numbers  in  each  group.  The 
Charcot -Ley  den  crystals  occur  singly  or  in  clumps,  some  quite  large.  One  was 
projecting  from  an  eosinophile  cell  and  surrounded  by  its  detritus.  In  some  tields 
full  of  leucocytes  search  was  made  in  vain  for  one  which  was  not  an  eosinophile. 
In  one  specimen  was  found  a  strip  of  mucosa  of  cylindrical  epithelium.  Other 
spirals  had  no  core,  and  some  spirals  consisted  merely  of  a  very  large  retractile 
central  fibre.  One  spiral  was  particularly  interesting ;  two  separate  strands  of  cell- 
rich  mucus,  discrete  at  first,  became  twisted,  the  one  within  the  other,  into  a  spiral, 
and  yet  each  could  be  traced  separately  for  a  time  until  the  coil  was  so  ii(^i  they 
could  not  be  distinguished.  The  inner  was  thick,  the  outer  thin,  and  at  the  end 
where  they  were  not  spirally  twisted  their  structure  could  be  seen,  a  band  of  mucus 
with  detritus  and  cells  in  lines;  almost  alt  the  leucocytes  were  eosinophilic.  If  the 
spirals  be  allowed  to  dry,  the  central  thread  is  much  more  distinct.  In  some  cases 
they  are  a  bundle  of  longitudinal  fibres  slightly  twisted.  This  case  was  a  typical 
one,  with  spirals,  immense  numbers  of  eosinophile  cells,  and  a  large  number  of 
epithelial  cells,  the  alveolar  with  the  various  forms  of  pigment,  and  the  cylindrical, 
both  ciliated  and  goblet. 

In  another  case  were  many  central  fibres  without  mantles,  and  some  with  a 
few  fibres  wound  around  them.  These  fibres,  forming  these  imperfect,  loose 
mantles,  were  remarkably  thread-like  and  of  quite  uniform  diameter. 

Charcot-Levden  Crystals. — These  Cliarcot-Leyden  crystals 
(see  page  34),  present  wherever  the  eosinophile  cells  are  increased, 
are  very  common  in  asthmatic  sputimi.  Their  ntimber  may  greatly 
increase  as  the  sputum  stands.  These  crystals  occur  in  groups,  form- 
ing specks  of  a  greenish-yellow  color,  which  masses  may  be  even  seen 
with  the  naked  eye.  They  may  give  to  the  spiral  a  yellowish-green 
color  macroscopically  when  present  in  large  chimps  along  the.  spiral. 
It  is  important  to  bear  in  mind  that  their  size  varies  so  that  their 
presence  can  be  excluded  only  when  a  search  has  been  made  with  the 
oil-immersion  lens.  They  increase  in  size  and  number  a-i  the  attack 
lasts.  In  cases  in  which  none  were  found  at  first  they  will  appear  in  the 
sputtim  if  it  be  kept  in  a  warm  chamber.  Concerning  their  composi- 
tion all  that  can  be  said  is  that  there  exists  in  the  sputum  a  substance 
which  after  expectoration  is  crystal lizable  in  this  form.  The  same  is 
true  of  tyrosin,  and  the  Frencli  seem  eager  to  identify  the  two.  They 
practically  always  occur  in  asthma,  but  careful  search  is  necessary,  and 
in  case  they  are  not  found  it  is  well  to  let  the  sputum  stand. 

The  ALVEOLAR  EPITHELIAL  CELLS  laden  with  golden-yellow  pig- 
ment may  occur  in  large  numbers  and  fill  a  considerable  part  of  the 
mantle  of  some  of  the  spirals.     They  occur  chiefly  in  cliunps  packed 
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together,  and  in  otber  parts  of  the  specimen  none  will  be  found.  It  is 
interesting  to  see  what  large  masses  of  these  cells  will  occur  in  certain 
parts  of  ihc  spirals.  Their  origin,  v.  Noordcn  says,  is  clear;  that  in 
asthma  we  have  frequently  small  traces  of  blood  in  (lic  sputum,  and 
ihat  this  is  the  source  of  the  pignieiit  of  llie.se  pljagocyles.  'Hiese  cells 
arc  similar  to  the  Mcrzfchlcrzellcn  seen  in  chronic  passive  congestion. 

There  is  a  well-niarketl  grmip  of  cases  which  mny  represent  a 
transitional  stage  between  astlinu  and  fibrinous  bronchitis.  The 
sputuni  contains  spirals,  Charcot- Leyden  crystals,  eosinophil  cells,  all 
the  constituents  foun<I  in  asthma,  biil  also  cast*  of  the  smaller  bronchi, 
which,  however,  do  not  branch  much  and  which  may  at  one  end  tail 
off  into  the  central  fibre  of  a  true  spiral.  In  one  case  of  Dr.  Osier's.'* 
already  nientionetl.  these  casts  were  i  to  3  cm.  long. 

Acute  Bronchitis. — The  spiiiuni  in  acute  bronchitis  is  at  the  onset 
ver)'  scanty,  or  even  absent.  When  present  this  "  sputum  crndmn"  is 
usually  tenacious,  viscid,  very  hard  to  e.xpectoratc.  and  of  a  frothy 
transparent  appearance.  It  consists  of  almost  pnrc  mucin,  Micro- 
M:<.)pically  a  few  Icncocyies  and  red  blood-cells  can  be  found,  also  a 
few  bronchial  epithelial  cells,  some  ciliated  and  some  with  the  cilia 
in  motion.  There  arc  also  a  few  mononuclear  leucocytes,  the  so-called 
"mucous  c»)rpuscle»"  which  arc  derived' from  the  lymphatic  masses 
along  the  tract.  In  certain  conditions  so  many  of  these  epithelial  cells 
are  present  that  the  lenn  "  dcsipiamatory  bronchial  catarrh"  was  ap- 
plied. Myelin  drops  are  present,  but  not  very  many  and  only  the 
simpler  forms.  Such  sputum  is  the  result  of  an  increased  secretion  of 
tlie  mucous  glands,  together  with  the  desquamation  of  a  few  epithelial 
cells.  .As  3  rule,  this  clear  sputum  is  present  for  ahnut  two  <Liys,  yet 
during  the  whole  course  of  the  acute  bronchitis  the  sputum  may  repre- 
sent only  a  hypersecretion,  and  hence  present  the  above  character.  In 
sorne  of  our  cases  it  was  t«o  weeks  Iwfore  very  much  pus  was  present. 
In  some  cases  the  sputum  at  this  stage  is  less  viscid,  hence  Biermer's 
adjective.  "  seromucous," 

After  the  first  two  days  or  more  the  cough  usually  "  loosens."  The 
sputum  is  increased  in  amount.  less  viscid  and  less  tenacious,  and  may 
be  like  the  white  of  an  egg  in  appearance,  since  it  is  frothy  and  shows 
M'hitish  streaks.  Sometimes  blond-streaked,  in  other  cases  there  is 
considerable  blocxl  at  the  begiiniing  of  the  attack ;  such  was  tnie  in 
3,j  per  cent,  of  our  cases. 

The  sputum  now  becomes  mucopurulent  It  contains  all  of  the 
alwve  elements,  but  the  pus-cells  arc  very  much  increased.  These  may 
he  uniformly  distributed,  hence  the  sputum  has  a  uniform  yellow  color, 
or  may  be  present  in  purulent  islands.  There  are  still  many  epithelial 
cells  present,  but  these  have  lost  their  shape  and  their  cilia,  are  now 
"See  Reiimarw.  Amcr.  Jour.  Med.  Sci..  Fcl>ruary,  1902. 


66  CLINICAL   DIAGNOSIS 

round,  and  often  fatty.  Such  sputum  was  formerly  called  "  sputum 
coctum."  In  a  typical  case  the  sputum  then  becomes  almost  purulent, 
the  pus  being  poured  from  the  inflamed  and  probably  partially  denuded 
mucosa.  This  sputum  is  opaque  yellow  or  a  yellowish-green,  and  is 
often  expectorated  in  masses.  The  amount  is,  as  a  rule,  from  loo  to 
200  cc.  in  twenty-four  hours.  Most  is  expectorated  in  the  morning. 
Microscopically,  it  is  found  to  contain  much  mucus  and  much  myelin. 
There  are  no  cylindrical  cells  now.  There  are  usually  some  red  blood- 
corpuscles,  but  the  leucocytes  predominate  in  the  field,  and  are  chiefly 
polymorphonuclears,  although  a  certain  number  of  mononuclears  are 
found.  Alveolar  epithelial  cells,  some  containing  pigment  and  some 
fat  granules,  may  be  found  if  searched  for.  Fat  is  also  present  in 
larger  masses,  which  in  shape  resemble  a  cell,  although  now  neither 
nucleus  nor  protoplasm  can  be  demonstrated.  The  sputum  of  some 
cases  is  characterized  by  the  abundance  of  fat,  present  in  cells,  in 
droplets,  and  in  the  above-mentioned  masses  of  droplets,  while  in  other 
cases  but  little  is  found.  The  reason  for  this  difference  is  not  known 
(Hoffmann).  Bierman  divided  the  purulent  sputa  into  three  classes. 
His  division  has  been  severely  criticised,  although  the  nummular 
\ariety  was  present  in  a  few  of  our  cases.  With  improvement  the 
sputum  becomes  more  abundant,  more  purulent,  and  less  tenacious. 
It  then,  as  improvement  continues,  diminishes  in  amount  and  finally 
disappears.  The  above  is  a  quite  typical  sequence.  The  following 
varieties,  however,  occur.  In  13  per  cent,  of  our  cases  in  which  the 
diagnosis  of  acute  bronchitis  was  made  because  of  the  physical  signs 
on  auscultation,  no  sputum  was  at  any  time  to  be  obtained.  In  some 
cases  so  tenacious  was  it  that  it  could  not  be  expectorated,  the  patient 
often  vomiting  in  the  attempt.  In  other  cases  the  sputum  is  muco- 
purulent and  fairly  abundant  from  the  \ery  onset.  It  is  interesting, 
however,  that  in  a  large  number  of  these  last  cases  it  is  probable  there 
was  a  slight  chronic  bronchitis  already  present,  since  over  50  per  cent. 
of  these  patients  state<i  in  their  history  that  they  were  subject  to  coughs 
and  colds.  This  was  true  in  less  than  20  per  cent,  of  those  in  which 
the  sputum  at  the  onset  was  of  small  amount.  In  general  it  seems  true 
that  a  large  amount  of  sputum  means  a  chronic  trouble.  In  about 
35  per  cent,  of  our  cases  the  sputum  was  viscid  and  very  tenacious  and 
scantv  throughout  the  whole  course,  the  patient  suffering  from  a  dry 
cough  for  a  few  days  after  the  disappearance  of  the  sputum.  Many 
cases  have  at  the  en<l  of  the  attack  a  common  sputum,  not  mucopuru- 
lent, but  consisting  of  a  watery  serum  in  which  swim  islands  of  pus 
which  are  globules  about  i  cm,  in  diameter,  consisting  of  mucus  loaded 
with  pus-cells.  Such  a  sputum  on  standing  will  separate  into  two 
layers,  the  upper  watery  and  transparent,  the  lower  purulent.  This 
was  true  in  10  per  cent,  of  our  cases.     Other  cases  were  interesting  in 
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that  the  sputum  at  the  end  of  the  attack  became  again  as  at  the  be- 
ginning ut  a  pure  nmcoiis  type.  In  acute  bronchitis  much  valualite 
information  may  be  obuincd  from  the  sputimi,  :iiuce  it  is  the  best 
intlcx  of  that  which  occurs  within  the  chest. 

In  the  so-called  ctipUtary  bronchitis,  that  is.  acute  bronchitis  of  the 
smaller  tubes,  the  ctiiigh  is  frequent,  often  paroxysmal,  and  at  first  tiry. 
It  niay  remain  so,  the  sputum  being  absent  throughout  the  entire 
course,  or  exjtectorated  in  sm.-ill  quantities  with  great  flifHculty.  In 
these  cases  a  diminution  in  viscosity  is  a  sign  of  improvement. 

Chemical  .Vnalvsis. — The  chemistry  of  the  sputum  in  this  dis- 
ease has  a  \ery  slight  interest.  Of  the  cases  which  have  been  reported 
by  Bamlwrger.  Bienner,  and  Renk.  the  water  has  varied  from  95.62 
to  98.3  per  cent.;  the  organic  substances,  from  1.17  to  ^.7  per  cent., 
while  the  inorganic,  from  0,457  '"  0.76  per  cent. 

Chronic  Bronchitis — Under  this  heading  may  he  incKided  fill  cases 
from  the  simple  subacute,  in  which  case  a  cough  has  merely  "  held  on" 
for  several  months,  to  those  cases  which  give  a  history  of  slight  cough 
with  expectoration  extending  over  twenty-live  or  more  years.  Among 
the  cases  which  may  be  considered  subacute  we  liave  those  in  which 
for  several  weeks  or  months  the  sputum  is  tenacious,  viscid,  and  very 
»inall  in  amount.  The  patients  describe  Ibis  as  consisting  of  thick 
leather)'  lumps;  in  other  cases,  as  a  white  sticky  mucus.  l.ater  on  it  is 
apt  to  Itectwiie  more  and  more  almiidant  and  mucopurulent,  and  hence 
yellower.  Some  sputa  have  a  dark  greenish  color  and  a  foul  odor 
which  will  last  for  weeks.  Such  sputum  as  exemplified  in  our  cases  is 
atnuidam,  and  will  separate  to  a  certain  degree  into  three  layi-rs. — -a. 
muoous  layer,  brownish-gray  .serum,  and  a  mucopurulent  sediment. 
The  sputum  in  thc^c  cases  will  gradually  diminish  leaving  the  patient 
apjiarently  welt,  but  certainly  more  susceptible  lo  nnother  acute  attack. 

The  acute  ex.icerbations  of  a  very  chronic  bronchitis  fonn  no  small 

part  of  the  admissions  far  acute  bronchitis  in  a  general  hospital. 

These  exacerbations  may  tuni  a  dry  cough  to  one  with  sputum,  or  a 

chronic  exjiccioration  of  slimy  mucus  tn  an  abundant  nmcopurulent 

}  sputum,  often  blood -streaked. 


During  the  acute  exacerbaiion*  it  vari<i  much  in  appearance.  Someiimes  it  is 
■null  ill  anioitnt,  very  lennciouf  And  ptirul<^t.  itoniclinict'  of  Isrse  amniint.  miico- 
ptinileitt  and  »1ig1iil]r  1enaciou».  and  in  slitl  oilier  case*,  and  perlia|is  must  common, 
is  an  alinnilant  nliiic  ftoihy  scrnmncotis  tpuium  coniainlnR  very  tinle  {i\i^.  Tlie 
otiof  I*  u>nieilmc3  foul,  and  in  uiie  ol  our  ca,st%  almoit  piiirid  The  amount  may 
vary  from  100  ti>  300  cc,  in  (wemy-fciuf  hoiim.  Ijiicr  ihc  (puiuin  increase  in 
amotrnt  and  presents  mucopurtilem  Itakes.  vuniciimet  very  imaW.  It  leparaies  into 
two  layers,  niih  ihc  serum  abuve  and  the  «filid  panicle*  below,  white  other  case* 
will  have  a  tenacioun  gteen  mucus  upper  layer  and  a  lluid  lower  layer.  Micro- 
Kopieally  are  found  piii.  epithelium,  and  red  blood-eelK  The  moM  common  type 
of  chronic  bronchitis  it  Ihe  lu-called  winter  cough,  ihe  patient  during  the  winter 
•uilenng  from  eoiish  si\A  cxpeeioration  from  which  lie  is  free  dutlrtK  the  summer. 
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Such  may  be  ihc  h'lHoty  ior  fully  iwerny  years.  Later,  however,  Uic  lendcncj*  is 
(or  tlie  trouble  lu  be  euiilmuwui  throughout  Ihc  year.  Such  caic*.  ai^  a  rule,  expec- 
torate only  in  [he  morning,  antt  describe  themselves  as  liien  "  clear"  for  the  day. 
Souie  inch  cases  expectorate  about  an  ounce  oi  mucopurulent  »puinni,  u-hilc  in 
others  it  it  in  thick  yclloniih  matscs.  In  severe  cases  llie  cuukIi  is  paroxysnial 
and  the  ;i|iuiuin  a  sticky,  frothy  phlegm,  vomciime*  blood -stic»kcd,  and  very  hard 
to  expectorate.  Dtirinu  the  acuic  exacerbations  it  is  apt  to  l>ec»tne  Mill  more 
scanty  and  len.icioui.  in  general,  ihcte  case*  feel  l>cst  when  the  sputum  is  mod- 
erate in  amount  and  worse  ii  diminished  or  increased.  Microscopically,  it  contain.i 
much  mucus,  few  pui-celU  except  in  the  purulent  variety,  and  much  niyeliu.  In 
some  cjiscs  it  is  proiuse.  mucopurulent,  the  pus  being  present  m  nummular  ina»c< 
of  »  yellowish -green  color  which  float  in  a  liquid  tcruin,  and  hence  it  sepaiates  into 
two  Uycrfi,  In  orher  cases  it  may  also  be  ver}'  large  in  amount  but  homogetieoui 
and  extremely  viscid,  filling  the  cup  with  a  single  purulent  glutinous  Jelly-like 
masa. 

Dry  Catarrh. — The  "  calarrhe  sec."  in  the  sense  of  Laetmec,  is 
a  dispulect  symplom-complex,  but  a  chronic  bronchitis  with  very  Utile 
or  no  sputum  is  not  at  all  unusual.  According  to  the  English,  such 
occut^  particularly  in  "  gouty"  patients.  We  associate  il,  however, 
more  with  emphysema  and  myocarditis.  Some  of  these  cases  will 
deny  any  sputum  wliatevcr;  m  other  cases  it  is  glutinous  and  pearly. 


Tut  CHRONIC  BaoNcHi7i«  (IP  eitPHVSEM.s  deKerv^ii  especial  mention,  since  it  is 
such  a  common  form.  For  intUnce,  of  too  of  our  cases  of  chronic  bronchitis,  in  43 
per  cent,  ilie  emphysema  was  a  marked  dmical  feature.  Of  too  cases  of  emphysema 
S8  per  ceiiL  suffered  also  from  bronchitis,  and  A7  per  cent,  from  chronic  bronchitis. 
Of  the  ca>e<  with  chronic  bronchitis,  in  11  per  cent,  it  was  the  ilry  fonn.  the 
patient  denying  any  expectoration  whatever.  In  the  cates  with  a  slight  sputum 
the  cxpccioraiion  occurred  fur  yeart  only  in  the  morning,  and  for  the  most  part 
consisted  of  a,  slight  amount  of  bluish-white  tnucus.  It  may.  however,  be  large  in 
amount.  One  case,  for  instance,  for  years  wa»  awakened  at  five  o'clock  each 
morning  with  a  severe  paroxysm  of  coughing  and  expectorated  large  amounts  of 
thick  mucus,  in  an  almost  solid  mass.  In  other  cases  the  jputum  is  abundant. 
whitish  in  color,  frothy,  and  alwut  one  pint  3  day,  In  our  cases  of  emphysema 
with  chronic  bronchilii  admitted  with  an  acute  exacerbation  ihe  spiitiim  varied, 
being  in  some  cases  in  vety  eelaljnous.  opaiue  mas«e».  and  in  one-fifth  of  the  cases 
blood  -  si  rcaked  The  small  araoimt  of  sputum  became  a  large  amount,  sometimes  of 
white  frothy  mucus,  at  other  timet  of  blood-stained  mucus  and  pus.  in  niher 
cases  il  approached  bluod-siained  serum  and  in  one  case  was  putrid.  As  the  cascs 
improved  it  became  still  more  abundant,  white  and  frothy  with  very  little  pus,  and 
then  gradually  diminished  to  the  previous  stale  Among  these  sputa  of  chronic 
bronchitis  a  few  may  be  mentioned  in  particular.  In  two  a  great  many  eosinophile 
cell*  were  present.  Some  were  remarkable  because  of  the  large  amount  of  myelin, 
and  in  otherr  larne  masses  of  fat  globules  were  very  noticeable,  lu  one  case  of 
simple  chronic  bronchitis  the  man  had  bad  for  len  10  twelve  years  a  slight  expec- 
loralion.  On  admission  the  sputum  was  thin,  cloudy,  and  ahundsni.  consisting  of 
serum  in  which  was  a  sediment  containing  moulds  of  the  bronchi  from  medium 
size  to  0,5  mm,  in  diameter,  and  consisting  of  mucu*  with  pus  and  alveolar  epi- 
thelial cells.  The  sputum  also  contained  much  piBmenied  alveolar  epithelium,  pus- 
cells,  and  red  Wood-cells.  In  a  case  of  chronic  bronchitis  in  an  emphysematous 
person  during  a  rather  acute  attack  with  a  steadily  elevated  temperature  the  spuiiiin 
was  found  to  Iw  considerable  In  amount,  scromucoid.  and  never  bl-vidy  in  appear- 
ance, and  contained  during  repeated  examinations  large  numbers  of  sareinK.  In 
one  case  of  chronic  bronchitis  with  emphysema  and  "bay  fe\'er"  the  sputum  was 
yellowlsh-Kreen.   mucopurulent,    slightly  blood-lingcd.  containing  branched    plugs 
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<ti  ihc  bronchi  whkh  consii'tcd  of  mucus  and  pus  m  wtiicb  were  many  cosinophilc 
ceU»  and  masses  of  lh«  rajrcelial  Uiieuds  of  romt  mould. 

In  the  chronic  bronchitis  of  cardiac  disease,  especially  mitral,  the 
sputum  is  cliaracteriz*^!  by  the  large  amoiuit  of  blood  which  may  be 
present.  This  may  be  fresh  or  changed  eii'jiigh  to  give  a  prmic-juicc 
;ippearance,  and  in  cases,  particularly  of  mitral  stenosis,  may  be 
grossly  stained  by  ilic  large  numbers  of  Hcrzfehlerzcllcn  which  are 
constantly  present.  In  other  cises  there  is  a  daily  large  amount  of 
frothy  seromucous  pus. 

Bhonchorbhcea.— U  by  lironchorrhwa  one  means,  with  Laemiec, 
a  chnmic  idiopathic  disease,  the  cxLiiicnce  of  this  form  is  exceedingly 
doubtful.  But  if  by  the  tcnn  is  meant  a  chronic  bronchitis  with  an 
abundant  tiputum.  it  is  by  no  means  rare.  There  is  one  form  described, 
no  example  of  which  we  have  had  in  this  hospital,  of  a  "  bronchor- 
rlwea  serosa,"  or  "  asthma  humidum,"  with  an  abundant,  very  watery, 
colorless,  foamy  sputum.  Some  of  these  cases  are  said  lo  have  a  neu- 
rotic basis.  In  the  hronchorrhcca  tif  chronic  bronchitis  the  spntum 
may  be  very  large  in  amount;  commotily  it  is  purulent,  watery,  of  a. 
green  or  a  yellowish -green  color,  and  in  amount  alxjut  500  cc.  a  day. 
In  these  cases  of  "bronchoblennorrhtca"  the  bronchi  have  been  rienuded 
of  mucosa  and  are  lined  by  a  pyogenic  membrane,  hence  tittle  muais  is 
secreted  and  the  sputum  is  a  profuse  watery  pns  which  separate*  easily 
in  three  layers  and  which  may  have  a  very  bad  odor,  although  not 
distinctly  fetid.  Such  sinitum  is  seen  also  in  bronchiectasis,  and  per- 
haps in  cases  of  putrid  bronchitis  and  lung  gangrene. 

Putrid  Bronchitis. — In  some  cases  of  chronic  bronchitis  there  is 
a  disagreeahle  almost  fetid  odor  to  the  sputum,  hut  in  putrid  bronchitis 
a  truly  fetid  expectoration  is  present.  This  tKcurs  with  most  cases  of 
bronchiectasis,  gangrene  of  llie  lung,  abscess,  those  in  which  the 
sputum  decomposes  within  tuhcrculous  cavities,  and  in  empyema  per- 
forating through  the  lung.  A  true  simple  bronchitis  without  dilated 
tubules  and  yet  with  a  fetid  ex])ectoration  is  certainly  very  rare  (  Fow- 
ler and  Godtey ) .  while  some  deny  that  it  ever  exists  ( Hoffmann ) .  and 
claim  that  the  most  01  the  cases  thus  catalogued  arc  proliably  of  bron- 
chiectasis. .'\  case  of  putrid  bronchitis  would  quite  surely  result  sinm  in 
dilatation  of  the  bronchi,  and  a  case  of  bronchiecuisis  very  often  soon 
has  a  fetid  exi)ectoration,  A  very  few  genuine  cases  have,  however, 
come  til  auKipsy  (Osier). 

The  sputum  is  an  abundant,  profuse,  watery  pus.  of  a  dirty  ashy- 
gray  or  a  brownish  color,  and  with  a  horrible  odor  which  sometimes 
will  fdt  the  whole  house,  .MIowed  to  stand,  it  separates  into  three 
layers. — the  upjier  of  frothy  air-containing  mucus,  usually  small  in 
amount,  since  the  mucous  mendiranc  is  for  the  most  pan  destroyed 
and  rej)lace<l  by  a  pvf^enic  membrane,  and  hence  secretes  little  mucus; 
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from  this  layer  extend  downward  brownish  strands.  The  middle 
layer  is  of  serum,  while  tiie  lowest  is  a  thick  sediment  of  epithelial  cells, 
fatty  cells,  free  fat,  almost  pure  pus,  all  kinds  of  bacteria,  and  some- 
times Dittrich's  plugs.  No  elastic  tissue  or  fragments  of  lung  are  to 
be  found,  which  excludes  gangrene,  which  may,  however,  result. 
Chemically  are  found  many  of  the  products  of  decomposition  of  pro- 
teids,  volatile  acids,  among  them  butyric,  valeric,  and  others;  NHj, 
HjS,  leucin,  tyrosin,  etc. 

Fibrinous,  Croupous,  or  Plastic  Bronchitis. — By  this  term  we 
here  mean  the  chronic,  idiopathic  form,  not  the  acute  form  occurring 
in  the  course  of  certain  infectious  fevers  (see  page  24).  This  chronic 
form  is  a  very  rare  disease  as  is  shown  by  the  fact  that  Bettman  was 
able  in  the  literature  of  thirty-five  years  to  find  only  twenty-seven 
cases.  It  is  very  little  understood.  The  sputum  in  such  cases  is 
catarrhal,  consisting  of  abundant  mucus  for  about  five  or  ten  days,  and 
then  after  a  severe  coughing  spell  the  expectoration  of  a  bronchial  cast. 
In  some  cases  the  amount  is  considerable,  even  more  than  one  pint  per 
day.  Blood  is  quite  often  present  in  the  sputum,  either  before  or  after 
the  expectoration  of  the  cast,  but  generally  with  it,  and  yet  true  hemor- 
rhage is  rare.  The  casts  are  formed  and  expectorated  at  various  in- 
tervals, usually  with  intervals  of  months,  sometimes  as  often  as  one  in 
from  one  to  three  days,  and  in  one  case  three  in  one  day.  They  are 
seen  as  formless  masses  in  the  sputum.  After  shaking  them  out  in 
water  they  are  found  to  be  moulds  of  a  bronchial  tree.  Those  from  the 
same  case  will  often  present  exactly  the  same  shape  as  if  they  were  all 
from  the  same  lobe.  Sometimes  they  will  appear  to  represent  the 
tree  of  a  whole  lobe.  The  size  of  the  largest  of  them  is  about  10  cm. 
long.  They  are  grayish-white  in  color,  contain  a  great  many  air- 
bubbles,  and  in  about  one-third  of  the  cases  are  blood-streaked  or 
contain  a  clot  in  the  centre.  On  cross-section  they  are  found  to  consist 
of  concentric  layers,  apparent  either  grossly  or  microscopically:  the 
inner  layer  presents  many  whorls,  since  this  layer,  the  oldest,  has  been 
telescoped  into  those  more  recently  formed.  The  casts  are  usually 
hollow,  although  some  are  solid:  others  are  hollow  in  the  larger 
brandies  and  solid  in  the  smaller,  others  ?7cr  versa.  In  the  central 
layer,  the  oldest,  are  seen  the  remains  of  many  cells,  alveolar  and 
bronchial  epithelium,  leucocytes,  red  blood-cells  and  bacteria.  Some- 
times there  is  much  fat  in  the  casts  and  in  the  sputum. 

Casts  do  not  always  arise  from  nor  are  they  prorhiced  by  the  epi- 
thelial cells  of  the  mucosa,  since  in  the  above-mentioned  case  in  which 
three  were  expectorated  in  one  day.  there  was  found  to  be  no  epithe- 
lium in  tliat  part  of  the  bronchial  tree.  These  were  therefore  a  direct 
exudation.  They  were  formerly  supposed  to  consist  of  fibrin,  since 
physically  the  material  resembled  this.     Others  claim  that  they  are  of 


mucm,  one  says  syiitonin,  aiiotli«r  coagulated  albumin,  because  of  the 
clicmical  reactions.  Some  portions  take  Wcigcrt"s  fibrin  stain,  but  the 
most  of  ii  does  not.  Iience  it  uiiiy  be  said  that  their  com])osiiion  is  rather 
uncertain.  Licl)crineistcr  '"'  reviews  the  (|ucstion  at  length  as  the  result 
oi  the  study  uf  one  fresli  case  and  twelve  nniscum  sijecimens.  He 
fouml  tibrin  and  mucin  present  in  seven  of  the  tliirtceii  cases.  Wci- 
gert's  fibrin  stain  cannot  lie  trusted  in  these  cases.  For  fibrin  he  pre- 
fers Kockel's  method,  and  thionin  for  the  mucin.  In  fibrinous  bron- 
chitis the  cast  is  of  a  Itxjse  texture  contaniing  much  air.  almost  fills  the 
lunicn,  and  contains  few  cells.  In  diphtheria  of  the  bronchi  the  cast 
consists  of  a  finn  liollow  membrane  of  dense  tibrin  strands  with  count- 
less cells.  A  cast  from  a  heart  case  at  death  was  similar  to  those  of 
fibrinous  bronchitis, 

Charcot- Leyden  crystals  are  commonly  present  in  the  cast.  In  the 
same  sputum  sometimes  spirals  arc  found.  In  Dr.  Osier's  case,  men- 
tioned by  Bettnian.  the  ends  of  sonic  branches  of  the  casts  were  directly 
continuous  with  tlie  ceiiirat  threads  of  true  spirals.  Many  eosinophile 
cells  arc  sometimes  fouml,  also  red  blood-cells,  liainatoidin  crystals, 
ami  lecithin  granules.  In  Vicrordt's  case*"  there  were  many  such 
casts,  and  on  one  occasion  a  typical  Curschniann  spiral. 

Bronchiecu»is. — The  sputum  in  the  saccular  form  of  this  disease 
is  often  very  characteristic:  in  the  diffuse  form  not  at  all.  In  the 
fonner  it  is  marked  by  two  features. — its  profuseness  and  the  periodic- 
ity with  which  it  is  expectorated.  This  periodic  feature  was  well 
shown  in  ten  of  our  twenty-four  cases.  The  expectoration  occurs 
usually  in  the  morning,  and  depeutls  upon  the  position  of  the  sac;  an 
irritation  uf  the  bronchus  due  to  a  discharge  of  some  of  the  contents 
of  the  sac  caused  by  a  change  in  attitude  leads  to  a  paroxysm  of  cough- 
ing and  hence  the  enipiyiiig  of  the  whole  sac.  Tlie  amount  is  profuse, 
as  a  rule,  from  750  to  yoo  cc.  111  twenty-four  hours,  while  in  one  of  our 
cases  it  frequently  exceeded  one  litre.  Such  profuse  expectoration 
may  extend  over  a  considerable  period  of  time. 

In  general  it  may  be  iaiU  iliat  ihc  amount  bear*  no  (elaiion  to  the  duration  of 
the  ducasc,  tor  uiic  else  oj  lucmy-^iK  ycar^'  <^uniliiiK  cxpcciuraled  but  irnin  t;  to 
JO  cc  a  day.  Nor  dues  il  beat  any  relatiun  lu  ihc  size  of  the  cavity,  as  wu!^  ahown 
by  one  of  our  paiicnis  wliu  vxprcioraied  more  than  oot.-  litrv  of  sputum  a  day  and 
Xel  al  autopty  a  few  tiirpri singly  >mal1  c^viiici  were  found,  Uf  Iwcnly-tliree  cases, 
in  Iwo  the  spulutn  (or  Iwrniy.four  liour^  was  Lindcr  loo  cc. :  in  eleven,  from  i  to 
3Po:  in  two.  abuul  joo;  nhile  in  seven,  uvvr  boo  cc.  ll  is  siaicd  that  ili«  diminu- 
ttun  in  amouiil  »s  tlit  patieni  giow?  wealt  before  death  is  surprising. 


The  most  characteristic  sputum  is  grayish  or  praj'ish-bro\vn  in 
color.  Iluid.  ]nirtilent.  of  a  disagreeable  odor,  and  separates  into  three 

"  Deultclt.  -Arch,  f  kim,  Med  .  1901.  nd  80.  5  and  6, 
"Deri.  ktJn.  Woclienwhr.  July  lO.  i88j. 
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layers  on  standing.  This  character,  however,  is  by  no  means  constant. 
A  broncliiectatic  cavity  lined  by  mucous  membrane  will  before  in- 
fection secrete  a  pure  clear  mucus,  but  after  infection  has  occurred,  as 
is  the  rule,  the  mucosa  is  soon  reduced  to  a  pyogenic  membrane  which 
secretes  a  yellow  purulent  fluid  with  a  sweetish  odor.  This  may  last 
for  years.  Stx)uer  or  later  putrefactive  changes  may  set  in.  The 
sputum  is  then  mucopurulent,  and  of  any  shade  of  gray  or  green ;  those 
with  the  worst  odor  in  our  cases  were  of  a  dirty  gray  color.  If  blood 
t»e  present  the  color  will  present  different  shades  of  red  or  brown  ac- 
cording to  the  chemical  changes  in  the  hasmoglobin.  While  as  a  rule 
it  is  very  fluid  and  watery,  in  some  cases  it  is  thick  and  viscid,  while  in 
other  cases  the  sputum  is  mucopurulent  and  contains  masses  sug- 
gesting nummular.  In  other  cases,  as  was  shown  in  our  series,  par- 
ticularly those  improving  under  treatment,  while  it  was  profuse  and 
watery  at  first,  it  later  diminished  in  amount,  was  mucopurulent,  and 
of  a  less  offensive  Mor.  The  tendency  to  form  three  layers  on  stand- 
ing in  a  tall  glass  vessel  was  marked  in  fourteen  cases.  These  layers 
are :  an  »pi>er  frothy  mucous  layer,  a  middle  serous,  and  a  lower  granu- 
lar laj-er.  Fa«n  the  upper  often  hang  down  through  the  fluid  strands 
or  "  streamers,"  as  they  are  sometimes  called,  of  the  same  material. 
Hoffmann  and  others  mention  but  two  layers,  omitting  the  upper 
nuiams.  which  was  absent  in  three  of  our  cases.  The  lowest  layer  is 
always  thick. 

In  t\>nr  iif  our  caw*  there  were  tour  nell- marked  la.vers;  the  lowest  of  an 
abiiiiiUiiti.  sreeni^^li-rtil.  purulent  inaierial  l  ihe  one  ati-ve  containing  a  good 
deal  i'(  bli>iHi.  and  hence  wa?  red  or  brown  :  otcr  (hi*  a  rerous  layer,  while  on 
ivp  a  tivthy  nutc\>«>  layer.  In  other  cases  below  the  frothy  mucous  layer  was  a 
iiiticv^inir-.iteni  taycr  with  >trcaniers  hanging  down  through  the  tluid  and  which 
\xith  J  little  oii»vnr;»j:ement  would  prx'KibK  all  have  sun's.  The  odor  is,  m 
(general,  lijil,  but  in  two  of  onr  cases  i:  was  not  at  all  offensive.  In  some  cases 
there  is  a:  tirst  none,  then  a  s^ight^i  otTen>;\e  odor  ci  a  heavy,  sweet  nature,  while 
after  the  i'uirefacii\e  chatises  have  se;  :!i  it  will  be  of  a  fe-.id  character.  These 
chaf,ges  arc  due  to  >tvVTidarj  ::'!ev;:o:-.*  ot  the  cor.:er:s  ^>f  the  cav-.ty  [n  ten  of 
our  ca-^*  ;he  v^Ior  was  heavj  and  sweet,  whi'e  :^.  :er.  others  ;:  was  at  some 
'.line  ierv  fev.vl  Th:*  -*  ;:ot  exactly  the  ssme  o^ior  i^  :::  gan]^er:e.  '?-j;  has 
Km  ^le•.^^;;■c^'.  in  M'!;:e  ca-e>  as  "  i'seudo-pirgrer..-„-s,"'  re*ec-b':r:g  ;he  odor  ..'f  rot- 
:c::  ca^^klJ:'^.  or  j;jr'-c  H:;*  iv.or  w:!',  of;e;:  d:r:^:~:-h  alter  cre-^-^ite  :r:'~a'a;:ons.  or 
■,:::r-;rjche.i;  :':-e\-;:o;;>.  j:-J  a  (yr.c:::  jdn'.-::ev;  ■■>■■.->■.  e.\:re:r,e;y  reiij  sp=?=—  xajr 
"eJie  ;>i  :-v>;--'"''  "■-"  -  "--ch  red;;ced  -■.•".;-.i::r  -■.■;  a;  a"  .tte:!?:-.e.  T-e  breath 
IS  j,vve:n-cs  »--^  :^j"  ;>t  -l'-'-"-  ''"'-c  -d>r  :-  '.iryely  ,;-;e  ::  H;S.  NK^.  and 
va— .""S  v.!a:;lc  ac;J>-  J"vrs  Hr;ch  a'e  .ice;;,:.  ^utjr.c.  j-.i  :,rn::c 

rU""  r-r-.-ces  •":•  ::'f  civ-ty  ,ire  o;":::o"  >":e  ■-.::  the  :ig-,:re 
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One  i>i  our  caiei,  a  man,  was  ndniitlcil  to  th«  hntptinl  founcen  tinic*.  and  five 
times  bccaair  of  rxtrrmc  hrmnrrliajtc  uliich  tlKcaicitcd  his  life.  At  unv  of  thcic 
■i<Iniii>iuii>.  in  llic  course  of  a  verj-  few  dnyi  he  tiad  six  Intgc  atid  icvcral  Mtial) 
hraiorrhagcs  rcrtitcinit  liis  lilood  mpidly  frnni  nlioiit  nonnfil  to  1,090,000  rrd  blood- 
c«]ls  wtlb  JO  per  cent,  uf  hfcmtiglobjn.  In  amither  cam  on  unc  dnj  17OU  cc,  of  blood 
were  loct  in  About  ten  miniit«i.  Another  smaller  licmurrliaKC  the  next  day  was 
bal. 

MicKOscoPiCAL  CoNSTiTi'ENTS. — The  cavity  walls  of  an  unin- 
fected case  wtrctc  imiciis,  If  tlic  outlet  be  closed,  the  cavity  will  con- 
win  muctis  with  ilesciiiamated  epithelial  cells.  After  infection,  hovv- 
ever,  the  con<ititiients  are  those  of  an  abscess,  since  soon  there  is  no 
mucosa  and  the  walls  arc  incn-ly  pyofjcnic  membrane:  after  the 
fetid  infection  the  elements  are  those  of  fctiil  bronchitis.  The  pus- 
cells,  enormous  in  numlwrs,  are  well  prcscn-cd,  fatty,  or  vacuolated. 
The  red  bltVKl-cells  are  imchannwl  or  very  much  .iltered.  It  is  rare 
to  find  elastic  tissue,  which  woiilil  mean  ulceration  of  the  walls  and 
was  present  in  two  of  our  cases.  The  fatly  acid  crystals  occur  espe- 
cially when  the  outlet  of  the  cavity  is  small,  thus  allowing  considerable 
stagnation,  'Hiese  crystals  are  often  very  large  in  size,  numerous, 
and  present  a  heatUiful  picture.  They  were  abundant  in  four  of  our 
cases  (see  Fig.  6.)  Qiolesterin  occur*;  lueniatoidin  crystals,  leucin, 
and  tyrosin,  sometimes;  Dittrich's  plugs  very  commonly.  The  alveo- 
lar epithelial  cells  are  usually  present,  containing  pigment  and.  in 
some  case*,  much  myelin  or  fat.  Nci  luhercle  h.icilli  are  found,  but 
bacteria  in  great  numbers  in  large  /noglia.  Veasl-s  occur,  anri  in  one 
of  our  cases  a  definite  asijcrgilhis  moidd  was  found.  In  the  contents 
of  these  cavities  calciimi  salts  are  sometimes  deposited,  giving  rise 
either  to  a  clay-Iikc  mass  or  to  the  so-called  "  hmg-stones."  In  two  of 
our  cases  these  lung-stones  were  present,  and  in  one  of  llieni,  a  man 
who  had  expectorated  several,  .it  autopsy  considerable  calcareous 
concretion  was  founil  eiultcddcd  in  the  walls  of  a  cavity.  The  stones 
in  the  s|»itinn  were  about  the  size  of  a  split  pea. 

In  niher  cases,  as  in  thirteen  of  our  scries,  the  sputtim  is  by  no 
means  so  characteristic,  but  presents  all  the  characters  of  a  chronic  or  a 
fetid  bronchitis. 

In  the  bronchiectasis  of  children  it  is  important  to  rememljcr  that 
all  the  sputum  may  l>e  swallowed  au<!  vomited. 

Gangrene  of  the  Lung — lu  this  disease  the  sputum  most-  charac- 
is  profuse,  extremely  feiid  in  odor,  of  a  greenish-brown  color. 
LtCs  easily  into  layers,  and  contains  shreds  nf  tissue.  The  latter 
point  alone  differentiates  it  from  putrid  bronchitis.  Its  odor  is  the 
worst  of  all,  yet  in  some  there  is  none  whatever  and  nn  fetor  of  the 
breath.  In  five  of  our  twelve  cases  the  presence  of  gangrene  was  un- 
suspected, one  case  expectorating  merely  "'  phlegm."  This  odorless 
sputum  is  seen  particularly  in  diabetics  (in  one  of  our  cases  it  was  an 
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autopsy  surprise),  in  lli«  insane,  and  in  gangrene  from  cmboHsni  in 
which  case  it  is  localized  and  the  infected  area  not  yet  discharging  intu 
a  bronclius.  In  cases  wliich  recover  Ilie  cwlor  gradually  disap|>(.-ars.  In 
nature  the  sputuni  is  profuse,  lliin.  frothy,  watery,  of  a  dirty  greenish- 
brown  or  ashy-gray  color.  The  color  varies  considerably.  Tho.w 
which  contain  little  blood  arc  of  a  dirty  gray  or  greenish  tinge,  while 
those  which  contain  blood  will  vary  from  reddish-brown  to  brownish- 
red  according  to  ihe  degree  to  which  the  hnjmoglobin  is  changed. 
Other  sputa  are  described  as  chocolate  in  color.  The  sputnm  separates 
easily  into  three  layers. — the  upper  of  frothy  mucus,  the  middle  ot 
scrum,  and  the  lowest,  always  a  large  one.  of  pus.  tissue  detritus. 
Dittrich's  plugs,  and  tissue  fragments.  From  the  top  layer  streamers 
often  extend  down  through  die  fluid.  In  other  cases  the  sptitnm  is 
mucopurulent  in  nature.  It  may  be  viscid,  lumpy,  mi.vcd  with  blood, 
and  yet  very  fetid. 

Macroscopically  of  chief  interest  are  the  fragments  of  necrotic 
lung  tissue.  These  vary  from  those  most  minute  to  fragments  several 
centimetres  long,  of  a  sooty  appearance,  with  ragged  outline,  or  sur- 
rounded by  .T  grayish-yellow  mass.  These  fragments  are  of  firm  tis- 
sue, or  of  colorless  ground  substance  full  of  granular  detritus  or  fat 
droplets,  climips  of  co.il,  l.->rge  fat  needles,  bacteria,  and  elastic  tissue. 
Dittrich's  plugs  are  also  found.  The  other  constituents  of  the  sputum 
are  those  of  fetid  bronchitis.  There  has  l>een  consi<ierable  dispute 
whether  the  presence  of  elastic  tissue  has  any  diagnostic  importance. 
Some  claim  tliat  it  is  rarely  if  ever  present  in  this  disease,  and  think  it 
is  digested  by  a  ferment.  Osier  says  that  he  has  never  seen  a  case  in 
which  it  was  absent.  Dittrich's  plugs  were  present  in  some  nf  our 
cases,  but  Osier  considers  them  rare.  .Mveolar  epithelium,  often 
pigmented,  occurs;  fatty  acid  crystals  and  fat  droplets,  often  many; 
cholestcrin.  leucin.  tyrosin  may  be  present;  masses  of  bacteria  and  of 
leptotlirix  occur,  while  Hagellata  have  been  descril>ed.  In  one  case 
mentioned  by  Sahli.  in  which  the  inlecte*l  area  was  non-otlorous.  large 
numl)crs  of  sarcina:  were  found.  Blwxl  is  frequeiuly  present.  This 
hemorrhage  is  principally  from  the  opening  of  very  small  vessels,  not 
by  diapedesis.  Fresh  blooti  was  present  in  fi%e  of  our  cases,  but  as 
a  rule  it  is  much  altered  and  the  hemoglobin  present  as  meth:emo- 
globin  and  lu-ematin. 

Many  have  foiuid  acid-resisting  organisms  in  ihe  sputum  in  such 
cases  (see  page  51).  Mayer  in  ten  of  fifty-eight  cases,  also  several 
others:  organisms  prolabiy  to  be  classed  as  aclinomyces  (strepto- 
tlirices),  which  seem  related  to  the  timothy  grass,  the  butter,  et  ai., 
bacilli.    These  are  not  alcohol -fast. 

Abscess  of  the  Lung. — In  abscess  of  the  lung  the  most  character- 
istic feature  of  the  sputum  is  the  sudden  appearance  of  a  large  amount 
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of  quite  pure  piis  in  which  are  fragmciils  of  lung  tissue.  It  may  be 
many  Inuidreci  cubic  centimetres  in  amount.  If  allowed  to  stand  it  will 
present  a  certain  layer  formation,  but  not  a  characteristic,  since  a 
slight  shaking  will  restore  its  previous  homogenciiy.  Its  odor  is  at 
ftrsi  faintly  sweet  like  all  pus,  but  since  gangrene  supervenes  often,  it 
tJien  becomes  foul,  yet  not  us  foul  as  thai  ut  gangrene  and  putrid 
bronchitis.  The  tissue  fragments  are  of  panicular  imiwrtance.  These 
are  pieces  of  lung  tissue  permeated  by  pus-cells  which  give  them 
3  yellowish-gray  color.  In  size  they  vary  from  ahoul  a  millet-seed  to 
fragments  even  two  inches  long.  They  consist  of  a  framework  of 
elastic  tissue,  the  remains  of  blood-vessels,  masses  of  coal-dust,  fat 
crystals,  free  fat.  dclriuis.  h^maioidin  crystals,  amorphous  clumps  of 
pigment,  and  zooglca  of  cocci.  In  other  cises  there  is  a  so-cilied  "  in- 
sensible disintegration"  (LeydenJ  of  the  lung  without  the  appearance 
of  any  large  fragments.  In  such  ca.ses  separate  elastic  fibres  will  be 
found.  The  other  microscopical  constituents  are  free  clastic  fibres, 
cholesterin.  fatty  acid  crystals,  free  fat,  lung  pigment,  ilelritus,  h;ema- 
toidin  crystals,  which  may  be  present  in  large  numbers  and  give  to  the 
whole  mass  of  sputum  a  bnmn  color,  and  bacteria.  In  the  text-Ix'oks, 
particularly  of  older  writers.  h:i»  been  described  the  gross  appearance 
of  a  sputum  which  escapes  from  a  large  cavity  slowly  through  a  small 
opening.  In  this  case  the  pus  as  it  escapes  in  a  thin  thread  receives  a 
mucous  coating  which  prevents  its  coalescence.  Hence  the  sputum 
when  shaken  out  in  water  will  appear  like  a  skein  or  thread  of  pus.  In 
our  cases  there  has  been  no  such  appearance. 

The  sputum  of  a  liver  abscess  perforating  through  the  hing, 
which  sometimes  causes  also  a  lung  abscess,  in  other  ca.ses  an  hcpati- 
cobrunchial  fistula  without  a  local  abscess,  is  often  characteristic. 
Grossly  it  presents  a  so-called  "  anchovy -sauce"  appearance,  or  the 
tint  may  he  i>chrc-ycIlow  due  to  tite  bile.  The  patient  will  complain 
of  the  bitter  taste  due  to  the  bile  acids.  Microscopically  bilirubin 
crystals  and  much  elastic  tisstie  will  be  found, 

In  o«r  rc«>r(ls  lliere  is  a  scri«  o(  seven  such  cases.  In  three  the  tipuiiim  was 
ahmdant.  exceeding  even  a  hire  in  twcniy-fiMir  hniirs.  Fxpccloialion  may  be 
paroxysmal.  c\-eti  a  iniari  at  a  lime  The  odor  was  mildly  offensive  in  two,  and 
more  »o  in  iwo  othert  Six  of  these  caic*  prccnieil  the  lypinl  a nchovy- Bailee 
ap[>earmice  of  a  rusly.broivnith-reil  color,  anO  frinliy.  in  (our  caici  llie  ipulum 
wM  ai  lime'  diiiinctly  blood. ure.ilicil,  in  two  purulent  Microscopicatly  may  be* 
found  lh<  ordiiury  elements  of  *i>imini.  pin.  red  blood-celU  and  alveolar  epithelial 
ce'Ui  In  »iliiiiitii  the  hxmatoidin  |l>>liii>bin)  cry«ials  or  needle  may  be  a  marked 
feaiutc.  a'  was  inie  of  two  ca*es.  Ttie  elaiiic  lisivie  wa.N  (ouiiil  in  considerable 
amounts  iii  five  cn^es.  anil  at  certain  limrv  the  <|iiantity  may  be  very  Kreat.  Fal 
cryMah  are  present.  In  two  cases  Uic  liver  cells,  it  wai  thought,  could  be  recog- 
nixed.  The  hviiiK  active  »nio;b,T  ucre  fovmii  in  five  ca*cs,  in  one  long  before  Ihcy 
Conld  be  fcruiid  in  the  Moolt  even  aficr  repeated  examinations.  It  ii  interesling  to 
note  how  often  the  sptiitim  which  contains  the  amtcbx  will  also  ConUiii  niuch 
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elastic  tissue.  If  the  sputum  be  preserved  in  the  thermostat,  they  will  remain  alive 
and  motile  for  a  day  or  so. 

Abscess  of  the  LVku  followed  acute  lobar  pneumonia;  six  cases.  In  three 
of  these  there  were  no  clinical  features  which  would  suggest  this  discovery  at 
autopsy.  In  these  cases  the  abscesses  were  small  and  multiple,  and  before  death 
there  was  little  or  no  sputum.  In  one  case  in  which  the  diagnosis  was  not  made 
the  only  change  in  the  sputum  was  thai  ihe  viscid  tenacious  blood- streaked  expec- 
toration became  less  tenacious.  In  one  case  a  small  amount  of  a  very  tenacious 
blood-tinged  sputum  became  suddenly  very  dark,  of  a  brownish-black  color,  muco- 
purulent, and  then  greenish  and  small  in  amount.  It  then  disappeared,  soon  to 
reappear  as  a  mucopurulent,  very  green,  scanty  sputum,  and  soon  became  large  in 
amount,  very  thick,  very  purulent,  and  of  a  sour  odor.  It  then  became  thinner, 
more  watery,  but  blood-stained,  containing  elastic  tissue.  Then  it  reduced  in 
amount,  became  mucopurulent,  and  finally,  with  the  recovery  of  the  case,  ceased. 
In  one  case  large  numbers  of  trichomonads  were  in  the  spuiom. 

Three  cases  of  post-operative  abscess  were  followed  clinically ;  one  was 
admitted  with  a  paroxysmal  cough  and  the  sudden  expectoration  of  a  foul-tasting 
sputum,  which  later  became  sweetish  and  of  a  less  disagreeable  odor,  yet  we 
thought  bad  enough.  The  expectoration  was  large  in  amount,  and  contained  pus 
and  fatly  acid  crystals.  There  were  large  fragments  evidently  of  tissue,  even  5  by  3 
cm.  in  si?e,  but  so  decomposed  that  the  structure  could  not  be  well  made  out.  The 
sputum  then  became  less  profuse,  mucopurulent,  and  the  patient  recovered.  In 
another  case  the  sputum  was  very  foul  and  contained  much  fat,  while  in  the  last 
case  it  was  large  in  amount,  foul,  purulent,  and  blood-streaked.  Of  two  other 
cases,  in  one  the  sputum  did  increase,  but  the  diagnosis  was  not  made,  while  in  the 
other  an  abundant  blood -streaked,  brownish  sputum  of  no  especial  odor  suddenly 
increased  in  amount,  became  dirty,  frothy,  and  foul,  slightly  streaked  with  blood, 
and  separated  easily  into  three  layers.  At  autopsy  a  large  abscess  cavity  was 
found. 

Perforating  Empyema — The  sputum  of  these  cases  resembles  ab- 
scess of  the  lung,  with  the  exception  that  there  is  less  elastic  tissue  and 
practically  no  tissue  fragments.  There  will  be  many  ha^matoidin  and 
other  crystals.  The  odor,  that  of  pus  at  first,  iu  some  cases  descril>ed 
as  resembling  old  cheese,  is  soon  vile  becatise  of  the  infection  which 
commonly  follows.  In  case  the  pleural  fluid  escapes  slowly  through 
a  small  opening,  it  is  said  that  there  may  be  present  the  fibrillary 
nature  of  the  pus  seen  when  an  abscess  is  discharged,  and  due  to  a 
coating  of  mucus  aroimt]  the  thread  of  pus.  When  the  opening  is 
large  the  pus  will  escape  often  rapidly,  yet  without  causing  pnemno- 
thorax.  .AUowetl  to  stand,  it  separates  into  three  layers, — the  upper 
of  mucns,  the  middle  of  the  pus  serum,  and  the  lowest  of  pus-cells. 

Perforating  Serous  Pleurisy. — This  is  exceedingly  rare.  The 
sputum  is  like  that  of  cedema  of  the  lungs,  but  contains  more  albumin, 
on  boiling  becoming  even  solid. 

The  Serous  Sputum  of  CEdema  of  the  Lungs — In  this  case  there 
are  large  amounts  of  a  frothy,  cloudy,  colorless,  or  slightly  bloody 
sputum.  If  allowed  to  stand,  it  presents  an  upper  abundant  frothy 
layer,  a  foamy  fluid,  and  a  lower  scanty  of  pus  and  the  elements  of 
the  pre-existing  b^putuni.  The  most  is  quite  pure  serum.  The  fluid  is 
frothy  since  it  is  so  rich  in  albumin,  watery  *ince  directly  from  the 
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bicxxl,  ^JI^Qllpntains  only  a  trace  of  nuiciii.  Cases  presenting  this 
spiitiiin  are  common  enough,  and  llic  appearance  of  this  stream  from 
the  nimith  am!  nostrils  is  one  of  tht-  niusi  gruesome  sights  of  the  sick- 
room. 

Tbc  Albuminous  Expectoration  of  Thoracentesis. — Of  Uie  recent 
articles,  the  student  is  referred  to  Rie-smau"'  and  Allen."'  This  con- 
dition follows  a  thoracentesis  in  which  the  fluid  withdrawn  lias  tieen 
large  in  amount  and  rapidly  removed.  Tcrrilon  has  grouped  the  cases 
into  three  classes.  The  first  is  of  mild  cases,  the  sputum  lillle  to8oocc. : 
the  condition  of  the  patient  is  always  good.  The  severe  cases  are 
accompanied  hy  dyspnrea  and  collapse,  and  an  expectoration  of  from 
1200  to  1500  cc.  The  grave  cases  are  marked  hy  a  sudden  onset :  the 
fluid  may  gush  from  the  mouth  and  the  patient  die  at  once  from  suffo* 
cation  from  the  Huid  which  he  cannot  expectorate  rapidly  enough,  or, 
indeed,  he  may  die  Ix-iorc  he  exiwctoratcs  any.  As  a  sccjucia  of  thora- 
centesis it  is  rare. 

The  onset  is.  as  a  rule,  in  less  than  one  hour,  or  it  may  come  on 
during  aspiration.  'Hic  late*!  case  began  eighteen  hours  after  the 
tapping,  and  la.stcd  for  twenty-four  hours.  The  duration  may  lie 
from  several  hours  to  a  day,  hut  as  a  rule  it  is  from  one  to  two  hours. 
The  fluid  is  richly  albuminous  and  hence  viscid,  frothy,  and  neutral 
or  faintly  alkahnc  in  reaction.  Chemically  it  may  be  tested  by  lieat 
and  nitric  acid,  or  by  nitric  acid  alone,  or  by  potassium  fcrrocyanidc. 
Tlie  sputum  should  he  diluted  and  filtered  and  the  filtrate  tested- 
Acetic  acid  gives  a  precipitate  of  mucin.  It  also  contains  urea,  hscnio- 
globin,  and  the  various  salts  of  blooil-seruin.  Urobilin  has  been  found. 
Tlie  amount  is  generally  from  200  to  900  cc.  Two  litres  have  been 
expectorated.  On  standing  it  separates  into  three  layers. — the  upper 
whitish  and  frothy,  the  middle  opalescent  and  yellowish  or  greenish. 
the  tower  more  viscid,  containing  a  few  whitish  flocculi,  and  some- 
times slight  traces  of  blood,  but  rarely  much.  In  Riesman's  case  there 
was  no  lower  layer,  the  specific  gravity  wa*  1018.  the  fluid  became 
solid  on  heating,  the  total  solids  were  5.84  per  cenL  In  -Mien's  case 
reporte<l  from  this  clinic  the  c.\i>cctoration  began  in  half  an  hour  after 
3100  cc.  of  pleural  fluicl  had  been  removed,  and  lasted  four  hours,  It 
was  atx>ut  one  litre  in  amount,  frothy,  pale  green  in  color,  with  a 
mudfly  sediment.  Microscopically  were  finmd  flat  epithelial  cells,  a 
few  leucocytes  and  red  blood-cells,  and  m,iny  bacteria.  The  anal>'ses 
differ  widely.  The  fluid,  while  sometimes  resembling  that  of  the 
pleural  exudate,  in  some  analy?;es  differs  considerably  fmm  it.  The 
cause  has  lieen  much  disputed.  The  majority  of  writers  think  that  it 
is  due  to  an  acute  tcdema  of  the  lungs,  the  result  of  their  rapid  ex- 
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pansioii.  hilt  the  mechanism  of  which  is  very  nnich  disputed.  Wc 
would  call  attention,  however,  to  certain  cases  occurring  during  para- 
ihomcentesis  and  followed  by  pnenmothorax.  Some  of  thi-sc  cas«s 
sugg:tst  the  expectoration  of  the  pleural  exudate,  ntid  the  demonsira- 
tiuii  ihat  in  many  cases  the  two  fluids  diflfcr  does  not  disprove  the  claim 
that  111  certain  the  lUiid  does  come  from  the  pleural  cavity. 

Haemoptysis — For  the  causes  of  pulinunary  heiuorrhage  we  will 
give  a  nummary  oi  the  chapter  on  this  subject  m  Osier's  text-book. 

Ha;nioptysis  may  txrciir  (i)  in  young  healthy  persons  without 
known  cause  and  without  subsequent  symptoms.  (2)  .As  the  tirst 
symptom  of  pulmonary  iiibercnlosis,  or  (3J  in  a  well-marked  case. 
During  the  early  stages  it  is  due  to  mucous  erosions  ami  diapedesis; 
later  lo  the  rupture  of  an  aneurism  in  a  branch  of  the  pulmonaiy 
artery,  which  is  exposed  by  cavity  fonnation.  (4)  Other  diseases  of 
the  lungs,  and  this  list  includes  practically  all  pulmonary  disease. 
Among  them  are  pneumonia  at  the  onset.  "  bloody  bronchitis,"  cancer, 
gangrene,  abscess,  Itronchicctasis.  tumors,  cysts,  and  actinomycosis. 
(5)  Heart  disease,  especially  mitral.  As  a  ride  slight,  yet  it  may  be 
profuse  anil  recur  for  years.  (6)  Vascular  degeneration,  the  result  of 
increased  pulmonary  tension,  seen  in  emphysema  and  arteriosclerosis. 
(7)  In  ulcerations  of  the  larynx,  trachea,  and  bronchi  it  may  be  pro- 
fuse and  rajiidly  fatal,  (fi)  In  aneurisms  it  is  .sometimes  sudden  and 
fatal;  in  other  cases  the  so-called  "  wee|jing'"  may  persist  for  weeks, 
or  the  pressure  of  the  aneurism  as  a  tumor  may  cause  an  erosion  of 
the  mucosa.  (9)  .\n  extremely  rare  form  of  vicarious  hemorrhage 
due  to  interrupted  menstruation,  i  10)  In  rlicumati>m.  (11)  Malig- 
nant fevers,  the  so-called  hemorrhagic  type,  {is)  Purpura  hannor- 
rhagica  and  various  other  blood  diseases,  among  which  are  ha-mo- 
philia,  leulaemia.  and  scurvy.     ( 1,^)  Distomatosis  (Westermanii), 

The  amount  of  the  blood  may  vary  from  a  mere  speck  or  a  few 
small  clots  to  a  quart  or  more.  In  general  it  is  of  a  hriyht  red  color 
even  when  of  venous  origin  since  it  is  aerated  in  the  lungs,  frothy 
from  its  admixture  with  air,  and  always  coughed  up.  When  il  clots 
in  the  bronchi,  casts  of  these  m.iy  be  formed.  In  gastric  hemorrhage, 
as  a  rule  ilie  blood  is  dark,  due  to  the  transfomicd  hemoglobin  the 
result  of  the  action  of  the  acid  gastric  juice,  not  frothy,  partly  coagu- 
lated and  vomited.  Such  points  are  easy  enough  to  determine  when 
the  di«tor  is  the  observer,  hut  from  the  history  given  often  difficult, 
for  in  their  anxiety  the  friends  will  not  notice  such  fine  points.  The 
severe  coughing  often  causes  vomiting,  while  the  coughed  blood  may 
be  swallowed  and  vomited,  .\spiration  of  blood  from  a  giistric  ulcer 
will  also  cause  a  certain  amount  of  cmighing.  The  gastric  bloo<l 
may  be  bright  if  the  stomach  be  empty  and  a  large  artery  be  opened, 
while  the  pulmonary  blood  may  he  dark  and  not  frothy,  provided  a 
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large  branch  of  a  piiInioiiar>*  artery  be  eroded.  A  most  important 
lK»int  in  tlelermining  tlie  origin  of  the  WotkI  is  die  tiislory  of  the  case, 
w  hcthcr  of  previous  luiitj  nr  stomach  truubic,  Subsc(|ueiiily  in  a  case  of 
bsciiii ipty^is  the  sputnin  will  fur  some  days  be  bluotl>tingc<).  In  case 
the  IteniorHinge  was  from  the  stomach,  there  is  usually  considerable 
bkxxl  in  the  sKhiU.  Inii  a  Miiall  antonnl  of  blood  cot;1d  be  explained  as 
thai  swallowed.  U  is  itiiportant  to  rccoKiiizc  the  sn-callcd  spurious 
hxnx'ptysis,  in  which  case  the  blood  may  arise  from  varicosities  of  the 
veins  at  the  back  of  the  tonj^ie  or  lesions  in  the  throat,  glottis,  or 
ajsiipliagiis.  It  is  said  to  be  cominiMi  for  yomifj  atiivmic  girls  to  com- 
plain of  hemorrhage  in  the  morning  which  has  as  its  source  the  spongy 
gums. 

Hfemorrhagic  Infarction. — In  many  cases  this  ilL-ignnsis  may  be 
made  from  the  ins))ec[ion  of  the  sputum  alone.  This  is  in  discrete 
masses  which  remain  isolated  in  the  cup,  and  which  appear  to  Ik  pure 
blood,  liut  arc  found  to  consist  of  a  very  tenacious  nnicus  which  is 
intimately  mixed  with  pure  fresh  blood.  In  other  cases  these  balls  will 
be  of  a  Klairy  mucus,  with  considerable  blood-streaking.  Ex|>ectora- 
tioii  Iiegms  at  once  with  the  cough  and  the  pain,  the  character  of  the 
previous  sputum  cltanging  considerably  at  this  time.  Such  was  true 
of  half  of  our  cases.  Microscopically,  the  nutcus  an<I  the  red  blood- 
cells  form  the  most  of  the  mass,  and  !cncoc)tes  arc  remarkably  few 
in  number  or  even  absent,  while  alveolar  cells  loaded  with  blixtd  pig- 
ment are  usually  present  in  eiiornious  numbers.  Tliis.  however,  may 
be  explained  from  the  f-icl  that  these  infarctions  arc  jKirticularly  com- 
tnon  in  mitral  disease,  in  other  cases  the  sputum  is  much  less  char- 
acteristic, as  is  often  seen  in  cases  in  which  there  was  considerable 
previous  to  the  embolism.  Sometimes  it  is  a  real  hemorrhage.  Such 
was  true  of  one-lhird  of  our  cases.  Sometimes  the  spntuni  is  pneu- 
monic in  character.  In  other  cases  it  resembles  the  brick-red 
sputum  of  chronic  passive  congestion.  In  such  the  diagnosis  is  said 
lo  l>e  liard.  In  one-fifth  oi  our  cases  there  was  practically  no  sputum. 
In  one,  however,  the  patient  rcmcndicred  some  blood-strcakc<l  sputum 
before  admis>ion  to  the  hospital. 

Tile  above-<lescribed  cliaractcr  of  the  expectoration  is  soon  lost,  in 
a  very  few  days  someiimes.  but  usually  in  about  one  week  the  sputum 
is  merely  blood-stained  and  will  soon  be  free  from  blood.  With 
recovery  also  it  l)ccomcs  more  watery.  The  amount  of  blood  certainly 
bears  no  relation  to  the  sixe  of  the  infarctions.  This  was  well  seen 
in  one  of  our  cases  with  very  large  infarctions  and  only  slightly  blood- 
streaked  sputum 

Chronic  Passive  CongeHtion. — In  chronic  passive  congestion,  espe- 
cially due  to  mitral  dise;i>c  and  particularly  stenosis,  the  sputum  is 
characteristic.    The  expectoration  is  chiefly  in  the  early  morning,  and 
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consists  of  a  white  mucous  background,  colored  by  dots  or  streaks 
of  a  rusty  color;  or  the  whole  mass  may  be  unifonnly  rusty.  'Hiese 
dots,  streaks,  or  unifonii  tinting  are  due  to  the  large  masses  of  Herz- 
fehierzelien :  that  is,  to  the  alveolar  epithelial  cells  laden  with  golden 
yellow  granules  of  amori)hous  pigment  derived  from  the  red  btood- 
cells  which  have  escaped  into  the  alveoli  by  diapcdesis.  It  is  in  this 
condition  that  the  large  number  and  the  constant  presence  of  these 
cells  have  a  great  diagnostic  importance.  This  inii)ortance  was  im- 
pressed upon  us  by  one  case  which  I  will  mention  in  detail.  The  man 
sjjoke  only  a  language  for  which  we  could  obtain  no  interpreter;  a 
history  of  his  case  was  therefore  out  of  the  question.  His  heart  was 
repeatedly  examined  and  reported  practically  negative.  The  sputum, 
however,  contained  constantly  large  innnbers  of  IIcrifeblcrHellen. 
The  pleural  exudate  was  hemorrhagic  and  contained  mulberry-like 
masses  of  tlie  proliferated  endoiheliuin  of  tlie  pleural  cavity.  He  died 
in  a  few  days  without  a  diagnosis.  -At  autopsy  there  was  found  a 
mitral  stenosis  of  an  extreme  degree,  one  of  those  cases  common 
enough  without  any  heart  nnminirs,  and  several  large  pulmonary  in- 
farctions. 

Malignant  Disease  of  the  Lungs. — The  sputum  of  this  has  in  some 
cases  been  described  as  "  characteristically  gelatinous,  of  a  red  or 
blackish-red  color  like  curraut- jelly,"  but  this  is  by  no  means  common. 
In  other  more  common  cases  it  has  a  prnne-juice  character.  A  grass- 
green  or  an  olive-green  sputum  has  also  been  found  resembling  that  of 
caseous  pneumonia.  A  prunc-jnicc  sputum  (present  in  ten  of  eighteen 
cases)  Stokes  thought  an  important  sign.  In  any  case  a  search  should 
always  be  made  for  tlie  fragments  of  the  tumor.  Our  cases  presented 
no  important  points.  In  one  case  of  secondary  metastasis  into  the  lung. 
although  the  area  involved  was  large,  there  was  practically  no  sputum. 
In  another  ca'sc  of  a  large  tumor  the  sputum  was  very  viscid,  slightly 
rusty,  of  a  greenish-red  color,  not  fetid,  and  consisted  of  pus,  red 
blood-cclls,  and  alveolar  epithelium  with  much  myelin  degeneration. 
The  next  day  it  was  of  a  dirty  grayish  mucopurulent  character,  and  at 
times  contained  considerable  blood.  In  the  case  of  an  epithelioma  of 
the  bronchus  there  %vas  considerable  ex])cctoration  and  several  severe 
hemorrhages.  At  other  times  the  sputum  was  seropurulent,  liquid, 
btood-strcakcd,  not  tenacious,  and  frothy.  Diagnosis  has  in  several 
cases  been  made  from  the  tissue  fragments  in  the  sputum. 

In  mediastinal  growths  the  expectoration  is  due  to  the  bronchitis 
resulting  from  the  pressure,  and  will  present  the  various  characters 
of  this  condition.  If,  however,  the  size  of  the  tumor  causes  a  nar- 
rowing of  the  bronchus,  this  may  lead  to  bronchiectatic  cavities, 
and  a  jirofuse  fetid  expectoration  be  the  result.  Gangrene  may 
supervene. 
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Ssrphilis  of  the  Lung. — Fowler  and  Godley  state :  "  Evidence  of 
excavation  with  fetid  expectoration  which  does  not  contain  tubercle 
bacilli  should  always  suggest  the  possibility  of  the  case  being  one  of 
pulmonary  lues."  The  expectoration  may  be  profuse,  purulent,  and 
offensive,  fetor  being  a  common  characteristic  in  advanced  cases. 
With  stenosis  of  the  bronchus,  a  common  event  in  this  disease  due  to 
the  extensive  formation  of  connective  tissue  at  the  hilum  of  the  lung, 
bronchiectatic  cavities  will  form  and  the  sputum  present  all  of  the 
characters  of  this  condition.  While  hemorrhage  is  not  common,  some 
cases  attract  attention  by  the  remarkably  bloody  nature  of  the  sputum. 
Writers  have  stated  that  unless  repeated  examinations  for  the  tubercle 
bacilli  be  made,  cases  will  pass  for  consumption.  Osier,  on  the  other 
hand,  states  that  he  has  never  seen  a  case  which  resembled  tubercu- 
losis clinically. 

Pneumonoconiosis. — According  to  the  dust  which  is  inhaled  this 
has  received  various  names, — anthracosis,  in  which  case  it  is  coal-dust ; 
siderosis,  with  the  expectoration  of  iron  dust ;  and  chalicosis,  in  which 
it  is  a  silicate  or  other  rock-dust.  The  expectoration  is  in  general 
muco-purulent,  often  profuse,  and  laden  with  the  above-mentioned 
dusts  (see  page  21). 


CHAPTER    II 
THE    URINE 

GENERAL   CHARACTERISTICS 

The  Collection  and  Preservation  of  Urine, — It  is  of  the  ufinost 
importance  in  all  chemical  examination  of  the  urine  that  a  complete 
and  well-mixed  twenty-four-hour  specimen  be  obtained,  so  much 
do  the  various  voidings  of  the  day  differ.  To  accomplish  this  most 
patients  need  to  be  watched,  and  one  must  rely  much  on  the  attention 
of  nurses  and  orderlies. 

In  this  clinic  the  day's  collection  begins  at  about  6  a.m.  The 
patient  then  voids,  this  is  thrown  away,  and  the  urine  then  collected 
until  6  A.M.  the  next  day  including  this  hour's  voiding.  la  case  we 
separate  the  urine  of  the  day  and  the  night,  the  former  period  extends 
from  6  A.M.  to  9  p.m.;  the  remaining  hours  are  those  in  which  the 
patient  is,  as  a  rule,  asleep. 

It  is  very  essential  that  a  clean  bottle  be  employed  and  some  means 
used  to  prevent  the  very  rapid  bacterial  action.  There  is  no  one 
preservative  which  is  good  in  all  cases,  and  the  worker  should  choose 
his  agent  with  reference  to  the  use  to  which  he  expects  to  put  the 
urine.  For  instance,  for  chemical  work  we  usually  use  chloroform, 
enough  so  that  several  drops  remain  at  the  bottom.  The  bottle  must 
be  tightly  corked  or  bacteria  will  certainly  grow  in  the  upper  layers 
from  which  the  chloroform  is  volatilizing.  We  prefer  this,  since  it 
adds  nothing  to  the  volume  and  can  be  entirely  removed.  The  dis- 
advantages of  it  are  that  the  formed  elements  are  not  well  preserved 
for  microscopical  examination,  although  crystals  are,  and  that  certain 
chemical  changes  do  result,  whereby,  for  instance,  a  suggestive  sugar- 
test  with  Fehling's  can  be  obtained  in  urine  thus  preser\'ed;  yet  even 
for  oxybutyric  acid  determination  the  urine  may  be  kept  unchanged 
even  for  years.  A  few  crystals  of  thymol  are  often  used.  A  slight 
disadvantage  to  this  is  that  the  urine  will  give  a  test  similar  to  bile. 
Gum  camphor  is  very  commonly  used.  Formalin  is  of  value  to  pre- 
serve microscopical  constituents.  A  person  must  be  wary  in  a  chemical 
examination  of  such  an  urine,  since  formalin  is  an  active  reducing 
body,  and  the  diagnosis  of  glycosuria  has  been  made.  Other  workers 
employ  a  dilute  chloroform  water  or  a  saturated  borax  solution,  add- 
ing one-fifth  volume  to  the  urine.  The  disadvantage  of  these  is  that 
they  change  the  volume  of  the  urine  and  cannot  be  removed. 

Sometimes  a  twenty-four-hour  specimen  is  not  desirable.  For 
instance,  in  the  diagnosis  of  slight  chronic  nephritis  a  comparison  of 
Si 
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tl^p  urine  first  voided  and  tliai  voided  at  tlic  end  of  a  day's  work  gives 
valuable  iniurniatioii.  also  in  a  suspected  case  of  cyclic  aUnnninuria. 
Again,  in  dialictes  meliitus  of  a  very  mild  degree  tile  urine  voided  three 
or  four  hours  after  a  hearty  carlwliydrate  meal  may  contain  sugar 
sufficient  for  a  ix)siiive  lesl.  white  if  this  voiding  be  riiUiied  by  mixing 
It  witli  llie  whole  Iwenly-fnnr  hours'  amount  the  sugar  percentage 
would  be  loo  small  to  lie  detected.  For  microscopical  examination  the 
urine  should  be  icsleil  as  early  as  possible  after  voiding,  and.  if  pos- 
sible, without  the  addition  of  any  preservative.  Fnrm-ilin  is  said  to 
add  a  crystalline  component  to  the  sediment  ( May) . 

The  value  of  urinary  diagnosis  as  a  routine  practice  cinnot  lie  too 
strongly  eniphasi/ed.  AlK)Ut  fifteen  minutes  are  sufiicicnt  to  fiml  out 
if  anjlhing  unusual  demands  further  attention.  Tlie  doctor  or  stu- 
dent who  eniplov's  the  "  X-ray  test"  or  the  "  sink  test"  is  a  traitor, 
and  sbnild  be  treated  as  such. 

The  unexpected  is  found  (|uitc  often,  and  the  perfectly  healthy  ap- 
pearance of  the  patient  is  no  guarantee  that  Ihe  urine  will  not  clear  up 
the  case.  The  surgeons  especially  need  this  warning.  A  recent  case 
was  a  lesson,  for  one  urine  examination  would  have  probably  pre- 
^Hvente<]  an  operation  following  which  the  woman  went  into  diabetic 
^Hcoma  and  died. 

^H  The  Amount  of  Urincr — ^The  limits  of  the  amount  of  urine  to  be 
^^ considered  nonniii  vary  widely,  lioth  for  individuals,  and  depending 
^^  upon  this,  for  different  countries,  especially  those  in  which  the  customs 
^Bare  fairly  uniform.  In  general  it  depcmls  on  the  amount  of  water  in 
^H  the  food  anil  of  solids  in  the  blfxxl,  esi>ecially  salts,  to  be  excreted,  their 
^H  excretion  increasing  the  water  output.  The  limits  usually  given  arc 
^B  from  1 500  lo  2000  cc.  That  may  be  tnie  for  a  country  in  which  beer- 
^^  drinking  is  very  common:  it  is.  however,  too  high  for  others,  .is  for 
this,  where  from  tjoo  to  1  jtx)  are  more  common  fiRurcs.  For  France 
|,  the  figures  Qoo  to  1500  arc  given  (Becquerel).  In  women  the  output 
^H  is  slightly  less  than  in  men.  The  amount  of  urine  also  depends  on  the 
^t.size  of  the  person:  in  an  adult  it  is  ahnosi  directly  proportional  to  his 
I  weight.  This  is  not  true  in  the  case  of  children,  who  excrete  relatively 
more  tlian  do  adults;  newly  born  infants,  from  150  to  jqo  cc.  a  day, 
I  and  children  from  three  to  five  years  of  age.  alxtut  700  cc. 
^H  The  amount  ilqiends  chielly  on  the  volume  of  fluids  consumed. 
^"  The  extreme  physiological  limits,  depending  chiefly  upon  this,  are 
I  from  800  to  .^ooo  cc.  The  increased  output  reaches  its  maximum  in 
from  two  to  three  hours  after  drinking  a  l.irge  amount  of  water,  and 
is  over  in  from  five  to  six  hours.  Yet,  as  several  have  shown  and  all 
experienced,  the  water  output  is  perhaps  the  most  cajiricious  of  all 
the  urinary  constituents,  and  the  water  ingested  is  only  one  factor  in 
the  question. 
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The  functional  limits  of  the  kidney  are  something  enormous,  as 
is  seen  in  diabetes  mellitus,  in  which  a  practically  normal  kidney  may 
eliminate  25  litres  of  urine,  an  absolutely  increased  amount  of  the 
normal  solids,  and  several  hundred  grammes  of  an  abnomial  solid, 
sugar,  and  stand  this  increased  work  for  some  time  without  any  sign 
of  disease.  Kiilz  was  able  in  a  rabbit  by  intravenous  injection  of  salt 
solution  to  increase  the  urine  to  256  cc.  per  hour  for  nine  hours,  and 
yet  the  qualitative  composition  of  the  urine  remained  normal.  In- 
sensible and  especially  copious  perspiration  affects  the  amount  of 
urine,  which  is  therefore  greater  in  cool  weather  than  in  hot.  The 
latter,  however,  can  be  really  no  great  factor,  since  then  a  person 
drinks  more.  It  is  also  affected  by  the  amount  of  fluid  lost  in  other 
ways,  particularly  by  diarrhoea  and  by  vomiting. 

Exudates  {pleural  or  ascitic),  cedema,  and  other  abnormal  accu- 
mulations of  fluid  in  the  body  are  excreted  through  the  urine.  This 
explains  the  polyuria  in  nephritis  as  the  cedema  disappears.  It  is 
beautifully  seen  if  the  person  be  put  on  constant  fluid  and  the  urine 
carefully  measured ;  yet  here  also  the  excretion  is  not  immediate,  and 
may  be  distributed  over  so  long  a  time  that  the  demonstration  fails. 

The  relative  amount  of  urine  voided  during  the  day  and  night  has 
not  received  the  attention  which  it  deserves.  Quindce  was  first  to 
call  attention  to  this  point.  He  and  his  students  found  that  in  liver, 
kidney,  and  heart  diseases  producing  cedema  the  urine  voided  per  hour 
during  the  night  is  greater  in  amount  and  contained  more  solids  than 
during  the  day,  a  condition  sometimes  called  nycturia.  Normally 
the  reverse  is  true,  the  kidneys  seem  to  sleep  with  the  rest  of  the  body, 
and  the  amount  per  hour  during  the  day  is  to  the  amount  voided 
per  hour  during  sleep  as  100:  50  to  60  or  perhaps  80  to  90.  The 
reverse  is  true  in  cases  of  cardiac  or  arterial  disease  and  in  nephritis, 
in  which  cases  it  would  seem  as  if  the  kidney  during  the  sleeping  hours 
improved  its  opportunity  to  eliminate  that  which  it  could  not  during 
the  day.  In  a  well-marked  case  of  nephritis,  D:  N: :  100;  200,  but 
in  one  case  which  we  followed  the  ratio  was  even  100:544.'  This 
does  not  depend,  we  are  convinced,  upon  the  mere  position  of  the 
patient  and  the  circulatory  changes  dependent  upon  this.  This  has 
some  diagnostic  importance  to  differentiate  those  cases  of  functional 
(t'.^..  hysterical)  from  organic  disturbances.  The  disturbed  ratio  is 
particularly  marked  in  case  the  output  be  increased,  as  in  diabetes,  or 
by  diuretics  or  by  exercise  during  the  day.  It  is  not  found  in  heart 
disease  providing  the  compensation  be  good.  Cardiac  insufficiency 
seems  the  underlying  cause  in  all  cases.* 

By  POLYURIA  is  meant  an  increased  output  of  urine,  3000  cc.  being 

'John?  Hopkin,';  Ho=p.  Rep.,  vol.  x.  p,  323. 

'See  Laspeyres,  Dcut.  Arch.  f.  klin,  Med.,  August  16,  1900. 
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roughly  considered  as  the  upper  ph^'siological  limit.  If  the  output  be 
'below  800  cc.  the  tenii  oliguria  is  used.  The  observation  of  one 
day  i.'i  never  sufTicieiii;  the  increase  or  the  diminution  nuist  extend 
over  several  consecutive  days.  These  limits  are  very  clastic,  the  con- 
trolling factor  being  the  amount  of  fluids  ingested,  and  the  question 
always  arising,  is  the  polydipsia  primary  or  secomlary  to  ihc  polyuria  ? 
For  instance,  in  the  cases  of  typhoid  fever  without  any  a|>parent  renal 
disturbance  Dr.  Cole  has  been  in  the  habit  this  year  of  increasing  the 
diurc*iis  as  much  as  possible  m  hopes  of  increasing  the  elimination  of 
the  toxines,  and  outputs  of  from  6  to  14  litres  a  day  were  not  rai-e. 
Here  the  polyuria  was  secondarj'  to  tfie  consumption  of  larger  amounts 
of  water  than  the  patients  desired.  In  other  cases  also  of  typhoid  fever 
after  convalescence  the  output  of  urine  is  increased  perhaps  from  the 
elimination  of  certain  solids,  and  the  increased  intake  of  fluids  is  sec- 
ondarj' to  the  tissue-thirst  intensified  by  the  depiction  of  water. 

Pathological  factors  influencing  the  amount  of  vhink 


r 
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(1)  The  condition  of  the  renal  parenchyma;   a  bilateral  diffuse 
lesiion  is  usually  necessary.     The  general  law  is  that  the  more  acute 
the  nephritis  the   less  the  amount   of   urine,   the  more  chronic   ihe 
nephritis  the  greater  the  amount  of  urine  excreted.    In  acute  nephritis 
(there  may  at  first  Ik  anuria,  or  50  to  lOO  cc.  only,  in  a  subacute 
nephritis  about  a  normal  amount,  while  in  a  chronic  interstitial  from  6 
^  to  even  12  litres  in  twenty-four  hours.    In  the  chronic  ca.'ie,s  the  reason 
^■for  the  polyuria  is  uncertain.     It  cannot  \x  blood-pressure  alone. 
^M       (2)  The  velocity  of  the  blood  current  through  the  kidney  is  of 
^Hparticular  importance,  the  general  law  being  that  the  amount  ot  urine 
^■varies  directly  as  the  rapidity  of  blood-flow,  not  blood-pressure  alone; 
^Vtfiat  is,  as  the  amount  of  blood  passing  through  the  kidney  in  a  unit  of 
^Ptime.     Hence  all  cases  of  chronic  passive  congestion  of  the  renal  cir- 
culation due  to  whatever  cause  have  a  diminished  output,  and  drugs 
which  improve  this  circulation  are  called  "  diuretics,"     This  is  im- 
portant in  diagnosis  and  in  prognosis, 
^p        (3)  I^isturbed  metabolism.     The  output  of  urine  depends  much 
^^  on  the  quality  and  the  quantity  of  the  substances  e-xcreted.    The  best 
illustration  of  this  is  diahetes  melliitis.  in  which  disease,  because  of  the 
sugar  elimination,  even  25  litres  of  urine  may  be  voided,  and  when, 
by  modifying  the  diet,  the  sugar  is  much  diminished,  the  water  output 
diminishes  as  well.    Similar  m.-iy  Iw  the  explanation  of  tlie  so-called 
■■  cpicritical  polyuria."     Some  cases  of  typlioid  fever,  for  instance 
when  convalescence  begins,  void  from  4  to  6  litres  of  urine  per  day; 
,       and  in  almost  any  disease  causing  diminished  outpiU.  as  the  case  im- 
^Bprovcs  the  urine  is  nuich  increased.    This  is  beautifully  seen  in  cases 
^Hof  nephritis,  especially  the  chronic  parenchymatous.     The  increased 
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wafer  output  following  fevers  may,  as  here,  be  due  to  the  elimination 
of  known  or  unknown  bodies  which  were  retained  during  the  fever. 
This  increased  flow  is  a  sign  of  favorable  prognosis, 

(4)  Psychical  disturbances  and  various  nervous  storms  may  be 
followed  by  polyuria ;  angina  pectoris,  hysteria,  and  after  epileptic  con- 
vulsions. The  cause  is  probably  a  vasomotor  one.  The  so-called 
"  paroxysmal  polyuria"  is  probably  such  a  functional  disturbance. 
Another  cause  of  periodic  polyuria  is  the  periodic  hydronephrosis  seen 
in  movable  kidney,  etc. 

(5)  There  are  certain  other  cases  of  polyuria  the  cause  of  which 
is  unknovm.  The  best  illustration  is  diabetes  insipidus,  in  which  the 
output  may  be  as  high  as  twelve  or  more  litres  in  a  day.  Meyer,^  whose 
paper  is  a  very  interesting  one,  considers  that  the  trouble  in  this  dis- 
ease is  the  inability  on  the  part  of  the  kidney  to  secrete  a  urine  of 
normal  concentration;  hence  the  person  must  excrete  large  amounts 
of  water  to  excrete  the  normal  amount  of  solids. 

In  certain  diseases  the  sequence  is  perhaps  the  following :  The  renal  cells 
eliminate  a  greater  percentage  of  the  water  of  the  blood  than  normal,  due  either  to 
diseased  condition  of  these  cells,  to  circulatory  disturbances,  or  to  the  increased 
output  of  some  solid.  This  concentration  of  the  plasma  leads  to  a  somatic  thirst, 
hence  the  ingestion  of  an  increased  amount  of  fluid  which  is  at  once  excreted. 
On  the  other  hand,  in  the  case  of  acute  nephritis  an  oliguria  may  be  due  to  the 
functional  insufficiency  of  the  cells  to  excrete  water  and  salts.  In  other  cases,  e.g., 
subacute  nephritis,  there  is  certainly  retention  of  salts,  and  the  water  is  retained 
as  a  result.  When  these  salts  are  eliminated  the  water  is  eltminated  with  them. 
It  is  possible  that  in  other  cases  the  increased  amount  of  water  voided  is  the 
expression  of  an  increased  output  of  some  unknown  body. 

It  is  often  of  interest  to  note  what  proportion  of  water  intake  is  excreted 
through  the  kidneys.  For  normal  persons  60  to  70  per  cent,  may  be  considered 
the  usual  limits,  although  the  factors  influencing  it  are  many.  If  the  water 
consumed  be  very  much  increased,  the  bulk  appears  in  the  urine  and  the  per- 
centage rises  to  even  96  per  cent,  (a  case  of  typhoid  fever,  with  ingestion  of  6772  cc. 
of  fluid).  In  two  cases  of  chronic  interstitial  nephritis  the  relative  output  through 
the  kidneys  was  high  even  «hcn  this  output  was  small;  one  case  with  an  intake  of 
i960  cc,  85  per  cent. ;  the  next  day.  of  the  2400  cc.  consumed.  86  per  cent,  was 
excreted  by  the  kidneys.  In  another  case,  of  1370  cc,  85  per  cent.,  and  of  1790  cc. 
Us  per  cent,  were  thus  eliminated.  In  chronic  parenchymatous  nephriti.s,  with  the 
patient  in  almost  stable  condition  and  receiving  exactly  the  same  amount  of  fluid 
each  day  for  26  days  (6200  cc.  total),  the  average  output  was  66  per  cent.  With 
ascites  and  other  iigns  of  renal  insufficiency  it  will  drop  to  jo  per  cent,  or  lower, 
even  in  anuria  to  0.  The  following  figures  from  a  recent  ca^e  of  eclampsia  in  the 
obstetrical  ward  will  illustrate  this  well.  The  patient  was  not  urged  to  drink 
much.  On  the  first  day  after  the  convulsions,  of  8350  ce.  of  water  drunk,  the 
kidneys  excreted  20  per  cent. ;  the  ne.xl  day.  of  10,535  «„  80  per  cent. ;  on  the 
fourth  day,  of  9400  cc,  93  per  cent. :  and  on  the  fifth  the  7y:;o  cc.  of  urine  exceeded 
the  intake  of  7100  cc.     During  this  time  there  was  also  some  diarrhixa. 

Careful  observations  were  made  on  but  few  cases,  hence  the  above  figures  are 
merely  suggestive. 

Anuria  may  be  due  to  a  variety  of  causes,  which  may  be  grouped 
as  obstructive,  reflex,  renal,  and  prerenal.     It  may  be  simply  a  nervous 
•Deut.  Arch.  f.  klin.  Med,,  1905,  Bd.  Ixxxii. 
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8)*ni[>toiii.  seen  in  hysteria,  in  whicli  case  it  is  followcrl  by  a  pnlyuria. 
h  may  be  due  to  Irauiiia.  to  the  ocflusion  of  the  urinary  passafjes.  as. 
for  instance,  by  stones,  or  a  stone  on  one  side  and  reflex  anuria  on  the 
other,  or  to  the  reflex  inflticncc  of  ncphrcctniny  on  one  side ;  or  to  the 
condition  ot  ihe  renal  epiihehiini  ;i4  in  acute  nephritis,  tubertiilosis, 
cystic  disease,  etc.  There  are  certain  other  so-called  "  pre-renal "  causes. 
— cenain  cases  of  fevers,  as  scarlet  fever;  poisons,  as  ])hi>sphorus. 
lead,  tuqieiitine,  etiier,  chloroform:  or  collapse,  and  usually  toward 
death,  but  not  always.*  In  cholera  the  anuria  has  tiecn  attributed  to 
Ihe  in*pissation  of  tlie  blood.  In  Moxon's  case  the  anuria  of  fourteen 
days  recovered  after  passage  of  the  stone,  and  one  case  of  nineteen 
days  then  recovery  is  recorded  (Adams).  Polk's  case,  whose  only 
ki<lney  was  removed,  lived  eleven  days. 

Specific  Gravity. — By  specific  gravity  of  the  urine  is  meant  its 
weight  conii>arcd  with  that  of  an  equal  volume  of  water.  The  latter 
is  usually  expressed  as  looo.  This  may  he  determined  accurately  by 
weighing  in  a  pycnonicttr,  but  clinically  it  is  dcterni incd  by  a  form  of 
aerometer  called  a  urometer.  These  spindles  are  usually  graduated 
from  looo  to  1050.  It  were  Iwttcr  that  two  he  used,  graduated,  the 
twie  from  1000  to  1020,  the  other  froni  1020  to  1040.  As  a  result  of 
our  experience,  we  recommend  that  the  practitioner,  when  he  buys  one. 
gets  a  good  one.  Some  instruments  on  the  market  arc  inaccurate, 
especially  those  designed  for  nve  with  a  small  volume  of  urine.  The 
si>ecific  gravity  of  the  urine  can  be  put  to  good  use,  and  the  Ixrst  instru- 
ment is  ncrtie  too  good.  The  urine  glass  u?ed  should  be  a  cylinder  with 
(larallcl  sides,  wide  base,  and  a  good  spout.  Tlie  fluted  side  of  the 
Squibb's  model  is  an  advantage.  Such  a  glass  is  filled  about  four- 
fifths  full  of  urine  in  such  a  way  aft  lo  avoid  foam.  If  present,  this 
may  l>c  removed  with  a  piece  nf  filler  pa]>cr.  The  bobbin  is  then 
dropped  in.  the  observer  assures  himself  that  it  neither  rests  upon  the 
Ixittom  nor  touches  the  side,  in  which  latter  ease  it  will  certainly  regis- 
ter from  1  to  2  points  higher  than  it  should.  The  reading  is  made 
k-uilh  the  eye  on  a  level  of  the  base  of  the  meniscus.  Two  or  three 
readings  should  be  made,  the  bobbin  being  pushed  down  and  allowed 
to  come  to  rest  each  time.  There  is  one  point  of  considerable  ini- 
poriatKe,  and  that  is  that  these  instruments  arc  standardized  at  a 
certain  tem|»erature,  usiuillv  at  15'  C.  and  a  difference  in  tem- 
perature c(  jt  means  a  difference  of  t  in  the  fourth  place  of  the 
specific  gravity  reading.  Hence  a  urine  which  at  15°  C.  has  a 
specific  gravity  of  1012,  at  18"  C.  will  read  loii.  Tliis  is.  of 
course,  usually  of  slight  importance  with  urines  of  ordinary  concen- 
tration, yet  we  suspect  that  ii  explains  the  phenomenally  low  siwcitic 
xvity  in  certain  c.ises  of  diabetes  insipidus  and  chronic  inierslilial 
'  See,  alko,  Sevan,  Am.  Surg,,  April,  1903. 
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nephritis.  This  correction  is,  of  course,  indispensable  if  the  specific 
gravity  is  to  be  used  in  quantitative  work,  as,  for  instance,  the  esti- 
mation of  the  total  solids  or  the  amount  of  sugar  or  of  albumin.  It 
is  only  just  to  say  that  for  the  latter  we  think  the  aerometricai  method 
at  its  best  is  hardly  accurate  enough,  and  the  urine  should  if  pos- 
sible be  weighed  on  a  good  chemical  balance.  Again,  an  instru- 
ment suited  for  salt  solutions  is  not  always  accurate  in  a  sugar  or 
albumin  solution. 

The  twenty-four  hours'  specimen  should  be  examined ;  this  only 
has  very  much  value,  for  the  various  portions  during  the  day  and  night 
may  vary  from  1002  to  1040,  depending  on  the  food,  the  fluid,  the 
lungs,  the  skin,  etc.  It  may  be  very  high  after  severe  exercise  with 
sweating,  after  transudate  formation,  etc.  Two  cases  recently  were 
refused  on  first  examination  by  life  insurance  companies  because  they 
happened  to  have  eaten  some  food  just  before  examination  which  for 
them  was  a  diuretic,  hence  an  abnormally  low  specific  gravity  was 
found — in  one  case  as  low  as  1003. 

The  normal  specific  gravity  is  from  1015  to  1020.  In  the  new- 
bom,  1005  to  1007. 

In  case  there  is  too  small  an  amount  to  fill  the  lube,  it  may  be  diluted  to  a 
known  volume,  the  formula  for  the  correction  being ;  Sp.  gr.  ==  1000  +  ab,  in 
which  "  b"  ^  dilution,  and  "  a"  =  the  last  two  figures  of  the  specific  gravity  found. 
For  instance,  if  the  urine  was  diluted  with  just  twice  its  volume  of  water,  and  if 
the  reading  of  the  diluted  urine  was  1006.  Sp.  gr.  :=  1000  4-3X6=:  1018. 

In  some  cases  it  is  not  the  specific  gravity  of  the  twenty-four-hours' 
specimen  which  is  desired.  For  instance,  in  the  diagnosis  of  an  early 
chronic  diflFuse  nephritis  the  constantly  low  specific  gravity  of  the 
morning  urine  is  of  value.  In  general,  however,  if  one  has  not  a  total 
mixed  specimen,  the  specific  gravity  would  better  not  be  determined. 
This  figure  is  in  some  clinics  put  on  the  temperature  chart  together 
with  the  amount  of  urine,  the  reason  being  that  neither  figure  means 
much  without  the  other. 

The  specific  gravity  depends  chiefly  on  the  amoimts  of  water,  urea, 
and  sodium  chloride  present.  The  water  will  depend  on  the  same 
factors  already  discussed  under  amount.  The  urea  explains  to  a  cer- 
tain degree  the  high  specific  gravity  in  fevers.  The  amount  of  salts 
is  increased  by  foods,  by  the  medicines  taken,  and  by  the  absorption 
of  transudates.  While  in  general  the  specific  gravity  will  vary  in- 
versely as  the  amount,  this  is  not  strictly  true,  since  the  output  of 
solids  is  always  increased  by  an  increased  output  of  fluids.  A  noted 
exception  is  that  of  dialjetes  niclHtus,  in  which  with  increased  amoimt 
is  also  an  increased  specific  gravity,  from  1025  to  1040;  and  in 
nephritis  with  renal  insufficiency,  in  which  case  with  oliguria  the  solid 
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output  is  tliminishcd.  In  ncpliritis  a  low  specific  K'^vity  is  rather 
•^ufigcslive  nf  an  impeiidiiifj  uneiiiia.  It  is  also  secii.  however,  in  cases 
••f  nialnittrtlion  in  whicii  the  metabolic  processes  arc  at  low  ebb,  as 
for  instance  in  one  of  Chabrie,  a  girl  nf  twenty  years  of  age.  whose 
output  on  one  day  was  750  cc.  with  a  specific  gravity  of  1008.  In 
diabetes  insipiilus  the  specific  gravity  is  very  low.  We  doubt,  how- 
ever, some  very  low  figures  given,  snspecting  that  the  lempcraliire  has 
something  to  do  with  one  or  two  points.  With  normal  amounts  of 
urine  there  is  a  rather  high  specific  gravity  after  operations,  in  rheu- 
matism, and  in  rickets.  Ether  ansstltesia  diminbhes  the  specific 
gravity,  the  amount  remaining  alwul  normal  (Brown). 

To  determine  the  amount  of  solids  in  the  urine  an  approximate 
estimation  may  be  made  by  the  use  of  Haser's  coefficient.  2.33.  The 
last  two  figures  of  the  specific  gravity  multiplied  by  this  empirical 
coefficient  will  give  a  clinically  accurate  estimation  of  the  number  of 
grammes  per  litre  of  solids  excreted. 

It  is  surprising  how  much  use  may  be  made  of  the  simple  deter- 
mination of  the  specific  gravity  in  quantitative  work;  f.g.,  sugar, 
albumin,  etc.  To  liave  much  meaning,  however,  the  variation  should 
be  present  on  several  successive  days,  since  the  physiological  variations 
arc  considerable. 


Other*  dUagrcc  concerninii  ihU  coefficient,  Netibaiier  giva  ajaS;  Hontt* 
Mates  that  ilie  cmrftk-ierit  should  he  slijiliily  lower  for  dilute  tlian  for  more  concen- 
mued  unnct.  varjing  from  1.850  to  3.440,  wiib  »ii  average  of  a.aioi 

Color. — The  color  of  nnmiai  urine  is  usually  a  shade  of  yellow. 
This  varies  with  the  dilution  of  the  urine,  and  hence  directly  with 
die  specific  gravity,  being  pale  in  the  dilute  and  dark  in  the  scanty 
urine.  Rxceplions  to  this  are  diabetes  mellilus,  in  which  case  it  is 
ver>-  pale  and  yet  the  urine  large  in  .imount  and  nf  a  high  specific 
gravity,  a  point  which  will  sometimes  suggest  the  condition;  in 
aii.'eiitia,  especially  chlorasis.  in  which  case  the  urine  is  |)alc  from 
lack  of  pigment,  since  the  hemoglobin  is  the  chief  source  of  the 
urinary  pigments,  but  not  in  those  anxmias  in  which  there  is  rapid  de- 
struction of  the  reds,  as  in  pernicious  ana?inia  ;  here  the  urine  is  highly 
colored.  In  general,  acid  urine  is  more  highly  colored  than  alkaline. 
In  uriemia  it  may  be  so  pale  that  formerly  it  was  thought  the  pigment 
retained  because  of  renal  insufliciency  was  the  tONiii  causing  the  con- 
dition. In  certain  grave  infections  dastroying  the  bile-producing 
function  of  the  liver  the  urine  is  said  to  be  without  pigment.  A 
febrile  urine  is  dark,  since  concentrated,  ami  also  from  the  presence 
of  urocrythrin  and  other  pigments  which  maniftit  themselves  espe- 
cially after  it  is  exposcil  to  the  air.  The  contrast  in  color  between 
'  Compi.-icnd.  Soc.  de  Biol,,  IQ03.  155,  537. 
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the  day  and  night  urines  is  often  striking,  the  day  urine  being  of  a 
golden-yellow,  the  night  of  a  pale  green  color.  This  is  due  partly  to 
the  amount  of  pigment  excreted,  partly  to  the  effect  of  sunlight  on 
the  specimen  collected  during  the  day. 

A  color  scale  is  very  convenient  to  use  (such  may  be  found  in 
Purdy's  "  Analysis  of  the  Urine,"  and  Neubauer  and  Vogel's  chart  is 
published  large  for  the  urine  examination-room  by  Kreidel,  of  Wies- 
baden), since  a  variety  of  terms  is  used  in  describing  the  same 
color  (yellow,  light  yellow,  amber,  straw,  etc.)  With  this  scale  should 
be  compared  urine  in  vessels  of  a  certain  depth,  and  against  a  white 
background. 

The  pigments  normally  present  in  the  urine  are; 

Urochrome  which  is  the  one  chiefly  responsible  for  the  normal 
yellow  color.  This  is  the  predominant  pigment  of  the  urine,  giving 
colors  varying  from  yellow,  orange,  to  brown,  according  to  the  amount 
present.  It  has  not  yet  been  isolated,  its  empirical  formula  is  not 
yet  known,  and  there  may  be  several  pigments  included  under  this 
name.  It  has  no  absorption  spectrum,  no  fluorescence.  There  is 
evidence  that  it  is  derived  from  urobilin. 

H^MATOPORPHYRiN  js  in  Small  amounts  normal  in  the  urine  {see 
pages  92  and  236). 

Uroehythrin  is  normal  in  certain  cases.  It  explains  the  salmon- 
red  color  of  the  urate  sediments.  It  is  increased  by  a  rich  meat  diet, 
profuse  sweating,  alcoholic  drinks,  violent  exercise,  and  by  certain 
digestive  disturbances;  also  in  fever,  circulatory  disturbances  of  the 
liver,  and  rJieumatism.  It  may  l>e  demonstrated  by  shaking  the  urine 
out  gently  with  amyl  alcohol,  which  will  take  an  orange  color  and  give 
the  characteristic  spectrum.  This  pigment  bleaches  in  a  characteristic 
manner  on,  exposure  to  light.  With  concentrated  sulphuric  acid  its 
solutions  are  carmine-red,  which  on  the  addition  of  an  alkali  changes 
from  purple,  to  blue,  to  green. 

Urobilin  is  normally  present,  from  30  to  120  mg.  per  day.  The 
pigment  is  itself  not  at  first  present,  but  a  cliromogen,  urobilinogen, 
which  on  exposure  to  sunlight  gives  urobilin.  Whether  there  are 
several  urobilins,  as  some  think,  or  not,  is  a  matter  of  considerable 
dispute.  It  is  so  hard  to  isolate  this  body  without  a  certain  amount 
of  decomposition,  and  so  hard  to  exclude  impurities,  that  the  ques- 
tion is  still  unsettled.  Its  origin  also  is  a  matter  of  some  dispute. 
One  thing  is  quite  definite, — that  a  certain  amount  is  formed  in  the 
intestine  as  the  result  of  the  reducing  action  of  certain  bacteria  on 
the  bile  pigments,  cittcrogniotis  forviatioit.  It  is  the  same  as  ster- 
cnbilin,  which  certainly  is  derived  from  bile  pigments  in  this  way.  It 
is  not  the  same  as  hydrobilirubin.  In  favor  of  this  origin  is  its  absence 
in  the  urine  of  the  new-born,  after  complete  bile  obstruction,  and  its 
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increase  in  intestinal  decr^niposilion.  It  may,  however,  arise  else- 
where, since  it  is  increased  in  ca5es  with  blood  extravasation  into  the 
tissues  IhislogcNOHs),  and  in  disease  with  increased  blood  destruction. 
as  also  after  blood  jjoisons  such  as  anlifebrin  and  antijiyrin  (hcrma- 
logenoiis).  It  is  increased  after  a  biliary  obstruction  is  relieved.  It 
is  increase<I  in  fevers,  chronic  jiassivc  conjfcstion.  lead-poisoning, 
atrophic  cirrhosis  of  the  liver,  and  especially  in  conditions  accom- 
panied by  urobilin  jaundice,  which  list  includes  many  of  the  alxjve, 
.ind  in  any  disease  pro<lucins:  jaundice  excepting  the  catarrhal. 
Another  view  is  that  of  Gilbert  and  Herscher  and  others."  who  con- 
sider that  the  kidney  reduces  the  bilirubin  to  urobilin,  since  the  latter 
is  3  more  easily  dilTusible  pijjincnt.  They  point  out  that  even  when 
abtmdant  in  the  urine  none  can  be  demonstrated  in  the  blood  unless 
much  bile  also  be  present :  that  in  a  light  case  of  chol^emia  there  will 
be  no  bile  in  ihc  tirine.  only  urobilin:  in  the  moderate  cases  Iwtll 
may  lie  present,  while  in  the  severe  cases  in  which  the  exhausted 
kidneys  seem  to  give  up  ihcir  task  of  transforming  this  pigment  only 
bile  is  present.  Meinel '  finds  in  a  ven,-  few  cases  urobilin  fornied  in 
tlie  stomach  in  cases  of  hyperacidity.  alllKiugh  this  may  be  of  entero- 
genous origin  (  Braunstein ) .  The  French  writers  especially  empha- 
size urobilin  as  an  index  of  the  condition  of  the  liver,  its  presence 
indicating  finictioiial  hepatic  insufticiency,  and  consider  an  abundant 
increase  a  faithful  sign  of  traumatic  lesions  of  the  liver*  .\nd  lastly 
is  the  view  that  if  there  be  no  liver  disease  and  the  kidneys  normal,  uro- 
bilinuria  always  means  autohajmnlysis.' 

Urobilin  does  not  give  the  Gniclin  test.  It  docs  give  a  test  similar 
the  biuret.  If  to  the  urine  made  strongly  alkaline  with  annnnnia 
and  filtered  be  added  a  i  per  cent,  alcoholic  solution  of  zinc  chloride. 
there  will  be  seen  a  beautiful  green  Hiinrescencc,  and  the  atisDrjHion 
bands  of  alkaline  urobilin  may  be  found.  This  spectrum  is  cliar- 
acteristic.  That  of  acid  urobilin  may  he  determined  in  a  urine 
directly  if  a  few  drops  nf  a  mineral  acid  be  added,  but  it  is  belter  to 
shake  out  with  aniyl  alcohol  and  e.\amine  the  extract.  Or  to  the 
urine  may  \k  aiUlcd  an  e'jual  amount  of  lo  per  cent.  ZnAc  in  absolute 
alcohol,  and  the  mixtnre  filtered.'"  Tliis  lest  is  given  even  in  the 
presence  of  considerable  bilirubin.  The  fluorescence  is  best  seen 
with  a  convex  lens,  which  gives  a  luminous  green  circle. 


For  i|uaniiu<iv«  wo^b.  Hoppc-Seyler'*  meilioj  i^  recomcncntled.    One  hundred 
of  urine  ar«  acidulated  vdth  ftulphurk  acid,  snitirated  with  Hmmonium  ^^iilphaie. 


t*  Cotnpi.-rend,  Soc.  de  Biol..  54.  p.  7155, 
•CenlTalW.  f.  inn.  Med.,  1993.  vol,  xxiv.  p.  ill. 
'  See  alM)  Rolle'ion'i  ca'c  of  urnbihn  iaundice  (allowing  trional  in  a  «»e  with 
nuimes  liver.  Brit.  MciL  Jour.,  i&)7.  i,  p  719. 
'Eflwii.  P»af,  ined,  Wochcnschr,  IQ04. 
"  Sthlt.  inger,  Deulicb.  raed.  Wochenschr..  1503.  No,  32.  p.  561, 
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and  allowed  to  stand  for  some  time ;  then  filtered,  and  the  precipitate  washed  with 
saturated  ammonium  sulphate.  The  precipitate  is  then  pressed  out  between 
blotting--paper,  extracted  with  equal  parts  o£  alcohol  and  chloroform  repeatedly. 
The  extract  is  then  filtered  into  a  separating  funnel,  and  to  the  filtrate  is  added 
two  volumes  of  water  and  then  chloroform  until  the  chloroform  settles  out  well 
in  a  clear  layer.  The  chloroform  solution  is  evaporated  on  a  waler-bath  and  the 
residue  dried  at  ioo°  C.  It  is  then  extracted  with  ether,  the  ether  extract  filtered 
off.  the  residue  dissolved  on  the  paper  in  alcohol,  again  brought  into  the  weighed 
beaker,  evaporated,  dried,  and  weighed. 

The  spectrophotometric  method  of  Friedrich  Miiller  may  be  UMd. 

Among  other  chromogens  in  the  urine  are  indoxyl-sulphuric  acid, 
indoxyl-glycuronic  acid,perhapsskatoxyl-sulphuricand  skatoxyl-glycu- 
ronic  acid.  Pathologically,  among  the  pigments  present  may  be  hremo- 
giobin,  met  haemoglobin,  hjematin,  bile  pigments,  melanin,  and  others; 
from  drugs,  chrysophanic  acid  ct  aL;  from  the  foods,  the  pigments 
of  various  berries,  cherries,  etc. 

Blood. — The  color  of  the  urine  when  blood  is  present  depends 
upon  the  amount  and  form  of  the  blood  pigment,  haemoglobin  giving 
in  general  a  reddish  tint,  and  methcemoglobin  a  brownish  one.  The 
urine  may  therefore  grossly  be  of  a  reddish-brown,  brown,  almost 
black,  or  greenish-black,  as  in  the  black-water  fever  of  hjemoglobinuria. 
When  little  is  present  it  often  has  a  characteristic  smoky  tint  of  meths- 
moglobin,  which  should  always  suggest  blood.  The  urine  is  cloudy 
because  of  the  large  number  of  corpuscles  and  other  organized  ele- 
ments of  sediment  usually  present.  In  the  heavy  sediment  are  masses 
of  amorphous  hasmoglobin. 

H-EMATOPORPHVRiN. — This  is  present  in  large  amounts  after  the 
long  use  of  trional,  sulphonal,  tetronal;  also  in  cases  of  typhoid  fever 
and  other  diseases.  Thick  layers  of  the  urine  have  a  dark  or  a  blackish 
color;  thin  layers  a  yellowish-red  or  violet.  The  black  color  Garrod 
thinks  due  only  partly  to  this  pigment,  and  more  to  an  unstable  purple 
one. 

Bile. — When  the  patient  is  jaundiced  the  urine  usually  contains 
bile,  but  in  cases  of  very  mild  jaundice  urobilin  alone  may  be  present. 
If  bilirubin  and  biliverdin  are  present,  the  color  of  the  urine  will  often 
be  dark  yellow,  brown,  green,  or  even  greenish-black  or  quite  black 
if  considerable  biliverdin  is  present  together  with  bilirubin  and  other 
bile  pigments,  especially  in  long-standing  cases  (Garrod).  If  it 
stands  a  long  time  in  the  cold  there  may  be  a  sediment  of  bilirubin  in 
needle  crystals,  especially  if  the  urine  is  very  acid.  It  is  often  pos- 
sible to  detect  the  presence  of  bile  in  small  amounts  by  producing  a 
foam  hj?  shaking  the  urine.  This  foam,  always  white  in  other  urines 
no  matter  how  dark  they  may  be,  is  stained  yellow  by  bile;  it  is  also 
yellow  in  case  very  much  urobilin  is  present. 

Melanin. — This  rare  pigment  is  present  in  cases  of  melanotic 
tumors  which  have  invaded  the  viscera.     Garrod  finds  the  amount 
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of  melanin  to  dqicnd  upon  the  iiivolvcnieiit  of  the  liver  especially. 
Ttie  urine  is  u^uiiUy  i>i  a  perfectly  normal  color  wlicn  voided,  since 
the  pigment  is  present  as  a  chromogcn,  niclaiiogcn,  utncli  later  splits 
giving  melanin.  But  it  may  be  black  when  voided.  This  transforma- 
tion may  be  hastened  by  the  addition  of  nitric  .icid  or  other  oxidizing 
bodies  to  the  urine.  It  begins  at  the  top  and  extends  downward  funn- 
ing sometimes  very  strikingly  a  sharply  defined  layer  above  the  color- 
less urine.  Ferric  chloride  causes  immediate  blackening  and  a  gray 
precipitate  soluble  in  excess.  Unless  this  reaction  is  positive,  melanin 
cannot  be  as3Uinc<I  present,  as  it  is  the  most  delicate  and  reliable  test 
(v.  Jaksch.) 

HouoGKNTisiNic  ACID,  llic  cliicf  coloring  body  of  alkaptonuria, 
gives  the  urine  a  brownish -black  color  and  a  syrupy  consistency  after 
standing  or  after  tlie  addition  nf  an  .nlkali  ( see  page  197 ). 

The  urine  is  sometimes  vcrj-  dark  in  jieritonitis.  gangrene,  and 
other  conditions  with  the  furmalion  of  aromatic  products  of  decom- 
position, the  ethereal  sulphates  of  indoxyl,  etc.  In  these  cases  the 
blue  color  sometimes  seen  is  not  indigo,  but  a  higher  oxidation 
product  of  indol.  Such  urines  blacken  on  warming  with  nitric  acid, 
not  when  cold,  do  not  blacken  with  ferric  chloride,  and  do  not  reduce 
oijipcr  solutions.  In  one  striking  case  in  our  wards  the  fresh  urine 
of  a  woman  who  had  been  markedly  constipated  was  of  a  very  dark 
greenish -black  color,  but  after  the  bowels  had  moved  well  the  next 
voiding  was  of  practically  normal  color.  Some  indic^n  was  piesenl. 
but  not  nearly  enough  to  explain  the  color. 

In  some  cases  the  urine  is  very  dark  on  voiding:  in  others  after 
long  standing.  This  may  he  due  to  l^yroailirhhi.  CflII,(OH).j{  i, 
2),  which  in  watery  alkaline  solution  is  oxidized  by  the  air  and  becomes 
a  greenish-brown  and  finally  a  black  color.  Tlie  urine  containing  it 
becomes  therefr>rc  <lark.  reduces  alkaline  copper  sulphate  in  warm 
solution,  but  not  bismuth.  .Another  view  (Baiimann)  is  that  pyroca- 
techin  is  derived  from  the  vegetables  of  the  food. 

To  isolale,  the  urine  ii  cunccntratcd.  (ilicr«d.  a  little  Milpliiiric  acid  added,  and 
ibtfl  boiled  to  drive  off  ihc  phenol,  li  is  then  vhaken  out  reiicaledly  with  c(her; 
the  ether  is  distilled  off,  the  residue  iiciilrHli/ed  uilli  banuin  carbuaate,  and  shaken 
out  ag&in  wilh  rtticr.  The  ether  i«  then  evaporated  off  and  the  pyrocatechin 
allowed  to  crjrttalttxe  out, 

Hydrochinmt.  CnH,(OH);(  i,  4),  occurs  after  the  use  of  phenol. 
Its  decompi->sition  product  gives  a  dark  color  to  the  urine  and  reduces 
copper  easily. 

Urine  containing  the  alkapton  Iwdies  and  indican  is  clear  on  void- 
ing, but  soon  becomes  dark.  In  the  latter  case  the  blue  nf  the  indigo 
may  not  be  pronounced,  since  modified  by  the  yellow  of  the  urine, 
although  the  sciun  may  be  blue.     Salili  mentions  the  case  of  a  boy 
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in  which  the  urine  when  voided  was  of  a  green-grass  color  due  to 
the  combination  of  the  bhie  of  the  indigo  with  the  yellow  of  the 
urine. 

Ochronosis,  a  disease  with  blackening  of  the  cartilages,  has  been 
reported  as  a  rare  condition  in  which  the  urine  blackens  on  standing. 
In  Osier's  cases  alkaptonuria  was  also  surely  present,  but  in  other 
cases  it  was  said  the  urinary  pigment  was  not  that  of  alkaptonuria. 

In  certain  rare  cases  the  urine  on  voiding  is  black,  or  colorless 
soon  turning  black.  The  pigment  causing  this  has  not  been  deter- 
mined, but  all  the  above  mentioned  causes  are  excluded. 

Garrod  ' '  classifies  the  black  uriucs  as,  those  due  to  long-standing 
jaundice ;  certain  cases  of  ha:niaturia,  hiemoglobinuria ;  melanotic  sar- 
coma ;  alkaptonuria,  ochronosis ;  great  abundance  of  indoxyl-sidphate; 
certain  cases  of  tuberculosis  after  standing  for  some  time,  a  month 
even  (the  cause  not  known)  ;  perhaps  phenol  derivatives,  certain 
drugs  as  phenol;  and  rare  cases  due  to  an  unknown  pigment.  Those 
truly  black  are  only  melaturia,  and  alkaptonuria  on  standing. 

In  chyhiriei  the  urine  is  of  milky  appearance. 

Colors  dve  to  Medicixes. — The  list  of  medicines  which  may 
affect  the  color  of  the  urine  is  too  long  to  tabulate.  In  general, 
it  may  be  said  that  in  case  the  urine  presents  any  unusual  color, 
inquiry  should  always  be  made  concerning  the  previous  medication. 
Among  these  drugs  particularly  are  carbolic  acid,  whether  applied 
internally  or  externally,  tar  preparations,  resorctn,  naphthol,  salol,  and 
many  aromatic  bodies.  The  color  in  these  cases  often  appears  only 
after  long  standing,  and  especially  when  the  urine  is  alkaline,  and 
when  hydrochinon  and  pyrocatechin  are  formed.  Methylene  blue, 
even  in  smalt  amounts,  o.i  gm..  will  color  the  urine  for  several  days. 
Hence  the  result  was  startling  in  cases  of  malaria  treated  with  large 
doses  of  this  drug.  In  one  hour  after  the  dose  the  urine  has  a  greenish 
color,  later  a  deeper  green,  then  a  blue,  which  may  last  three  to  four 
days.  The  color  may  be  intermittent,  present  only  in  the  first  morning 
voiding.  It  may  be  intensified  or  produced  by  boiling  the  acid  urine, 
adding  acetic  acid  if  necessary,  since  the  pigment  is  partly  reduced  in 
the  body  to  a  colorless  form,  \yeber  '^  thinks  methylene  blue  explains 
practically  all  the  blue  and  green  urines,  and  doubts  cases  ascribed  to 
indigo  blue.  He  emphasizes  the  common  use  of  this  dye  to  color 
candies  and  food-stuffs. 

Some  colors  are  of  clinical  iniiiortance  only  incase  of  a  dri^  applied 
externally  and  hence  in  uncontrollable  doses.  What  the  factor  is 
which  changes  the  color  of  the  urine  cannot  always  be  determined; 
for  instance,  after  a  small  dose  of  salol  the  urine  may  be  of  a  very 

"The  Practilioner.  [904,  vol.  Ixxii.  p.  383. 
"Lancet,  September  21.  1901. 
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'^gAdd|Ior.  while  after  mitch  larger  doses  there  will  be  no  cliange. 
WlMtfier  this  is  due  to  the  acidity  or  to  the  time  nf  exposure  tn  the 
air  cannot  be  said. 

After  drugs  containing  chrysoplumic  adj.  as,  for  instance,  chry- 
sarobin.  rluibarb,  santonin,  ^enna.  and  otlicr^.  the  nrine  in  of  a  yellow 
tint  when  acid  and  red  when  alkaline.  Tlie  pigment  of  many  vege- 
tables will  change  the  color  of  the  nrine.  .\niong  lliese  may  he  nien- 
tiotietl  lumips.  whortleberries,  blackberries,  and  others.. 

Odor. — The  ocior  of  the  normal  fresh  urine  is  not  unpleasant.  The 
so-called  urinary  odor  is  due  to  the  ammoniacal  decomposition  by  Ihe 
bacteria.  In  a  decomposing  albuminous  urine  the  odor  is  especially 
disagreeable,  and  a  diagnosis  of  albuminuria  may  be  made  from  that 
alone.  There  is  said  to  he  an  intolerable  odor  in  cases  of  cancer  of 
llic  bladder  and  deep  inflammatory  disease  of  the  urinary  tract.  Gia- 
bne  believes  in  a  characleristic  odor  in  certain  cases  of  abnormal 
inetalx)lism  with  incomplete  combustion,  such  as  is  present  in  dialietics 
and  oxahirics.  We  may  even  supimsc  that  he  thinks  that  one  of  the 
great  masters  of  French  medicine  could  diagnose  insanity  from  the 
odor  of  the  urine  alone.  There  is  said  to  he  a  special  odor  in  chyluria 
and  even  in  slight  harmatnria.  Other  cases  have  a  remarkable  absence 
of  odor.  It  should  always  be  rememhered.  however,  that  the  lx)tlle  in 
which  the  patient  brings  the  specimen  may  explain  the  odor.  We 
have  noticed  a  strong  odor  of  HjS  in  certain  nq)hntics,  even  when 
the  urine  was  quite  fresh. 

Certain  substances  are  excreted  as  such  in  the  urine.  .Among 
such  are  valerian,  asafetida.  coffee,  and  various  foods.  Others  build 
odorous  bodies.  .Among  these  are  the  balsams,  cnpaiha.  cubebs.  etc. 
After  the  administration  of  tur|>entine  the  odor  of  the  urine  is  that 
of  violets.  .After  eating  asparagus  there  is  a  characteristic  odor 
attributed  to  methyl -mercaptan. 

General  Appearance.— When  fresh  the  urine  is  clear.  If  there  is 
then  any  distinct  cloudiness,  it  is  due  to  an  abundant  organized  sedi- 
ment or  to  a  precipitation  of  phosphate  seen  in  the  so-called  phos- 
{diaturia  and  in  3nuuoni.ical  cystitis.  Very  soon  a  faint  nubecida  ap- 
pears in  the  upper  layers  of  a  clear  urine,  which  consists  of  mucous 
strands  enclosing  a  few  cells,  .After  standing,  the  urine  will  become 
cloudy,  either  from  a  urate  sediment,  which  before  settling  may  give 
a  uniform  milk>'  appearance,  or  partictdarly  during  the  summer 
months  to  the  rapid  growth  of  bacteria  and  the  precipitation  of  the 
phosphates  in  the  alkaline  urine. 

Reactioiu — Concerning  the  reaction  of  the  urine  there  has  l>een 
much  work  done  in  regard  to  the  vahie  of  which  much  difference 
of  opinion  exists.  All  admit  that  its  determination  would  be  valuable 
could  satisfactory  methods  be  found. 
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Until  recently  by  "  degree  of  acidity"  was  understood  the  amount 
of  hydrogen  which  could  be  replaced  by  the  metal  of  an  alkaline  solu- 
tion (NaOH),  regardless  whether  these  hydri^en  ions  were  already 
dissociated  or  could  be  substituted  by  the  alkali.  Now  is  meant  the 
absolute  number  of  dissociated  H-ions  per  one  htre  of  urine.  The 
latter  contribution  of  the  physical  chemists  is  interesting,  indeed,  but 
of  little  value  to  the  clinician.  Judged  by  this,  urine  is  only  about 
thirty  times  as  acid  as  distilled  water,  and  only  about  one  ten-thou- 
sandth as  acid  as  titration  would  indicate,  and  the  difficulties  of  its 
deterniination  rule  this  out  from  clinical  methods.  The  titration 
method  alone  is  possible  for  general  use,  and  the  question  arises  if  its 
results  are  of  any  real  value  or  simply  of  an  empirical  arbitrary  value. 
Hober'^  claims,  as  the  result  of  parallel  estimations,  that  these  two 
"  acidities"  vary  sometimes,  often  perhaps,  in  a  very  independent 
manner,  hence  variations  in  each  would  have  different  values,  and 
neither  method  would  be  able  to  replace  the  other.  The  question, 
therefore,  is.  Does  the  titration  method  give  results  valuable  enough 
to  repay  the  time,  or  are  the  results  worse  than  useless  since  mislead- 
ing? The  difficulties  are  that  the  acidity  of  the  urine  in  the  common 
sense  of  the  term  depends  upon  a  considerable  number  of  chemical 
substances,  for  the  most  part  acid  salts,  and  hence  the  question  of 
color  indicator  is  a  very  serious  one,  since  the  points  indicated  by  the 
various  ones  as  the  neutral  point  differ  and  none  is  by  any  means  the 
theoretical  one.  Phenolphthalein  is  the  one  usually  used.  Tliis  has  as 
practical  advantages  the  sharpness  of  its  end  reaction  and  the  fact 
that  of  the  indicators  it  is  itself  the  weakest  acid.  But  it  is  a  poor 
indicator  in  the  presence  of  ammonium  salts,  perliaps  the  worst. 
Whatever  results  are  obtained  with  it  must  be  given  not  an  absolute 
but  an  empirical  value.  Yet  the  opinion  of  those  working  in  this  line 
is  that  the  results  with  it  are  comparable. 

The  reaction  of  the  twenty-four-hour  amount  of  well-preser\'ed 
urine  is,  in  the  case  of  man,  always  faintly  acid  to  litmus,  a  degree 
corresponding  to  about  1.15  to  2.3  grammes  of  HCl  for  twenty-four 
hours.  This  acidity  depends  chiefly  upon  the  diet,  and  is  greater  the 
more  the  proteid  o.xidized.  The  urine  of  herbivorous  animals  is 
alkaline,  since  the  organic  acids  of  their  food  are  oxidized  to  alkaline 
carbonates,  yet  if  starved,  acid,  since  then  their  tissue  proteid  is  their 
diet.  .'\  man  on  a  vegetable  diet  will  have  a  less  acid,  or  amphoteric 
urine  perhaps,  from  this  increased  ingestion  of  alkali-forming  foods. 
In  no  case  is  there  free  acid  in  the  urine,  the  acidity  i>eing  due  to  acid 
salts,  and  particularly  diacid  sodium  phosphate.  There  are  many  other 
acids  produced  in  the  oxidation  of  proteids  themselves  neutral. 
Among  these  are  sulphuric,  phosphoric,  uric,  hippuric,  oxalic,  and  the 

"  Hotmeister's  Beilr,,  ig03,  vol.  iii.  p-  5*5- 
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oxyanwnalic  acids.  Just  what  \mn  these  play,  however,  cannot  be 
dect<J«J.  l>ut  certainly  uric  acid  is  no  fiicuir,  since  its  Sfihition  is  neutral 
to  liinnts. 

A  constant  acidity  has  been  found  only  after  and  during  a  period 
of  btar\-ation. 

Wiriations  in  the  reaction  are  due  to  the  diet,  as  nicnlioned  above. 
The  acidity  is  highe.'ii  in  tlie  nioniing  before  breakfast  and  lower  a 
few  hours  after  each  meal,  and  csi»cciaUy  in  tlic  forenoon,  due  to  the 
secretion  of  hydrochloric  acid  of  the  gastric  juice.  For  a  short  time, 
two  to  four  hours,  after  a  meal  the  urine  may.  indeed,  be  alkaline  when 
fresldy  voided  and  turbid  with  sediment  of  the  phosphates  of  ihe 
alkaliiw  earths,  a  condition  known  as  "  phosphatnria."  Normally  this 
diminished  acidity  or  even  alk.alinity  of  the  "  alkaline  tide"  diminishes 
after  a  meal  during  the  lime  the  hy<lrochluric  acid  is  reabsorbe*!. 

PnospHATUKiA  is  the  term  formerly  given  to  a  symptom-complex 
with  a  heavy  precipitate  of  the  earthy  phosphates  in  the  freshly  voided 
urii>e.  yet  witliout  the  formed  elements  which  would  indicate  a  lesion 
of  the  tract,  and  supposed  to  lie  due  to  an  increased  output  of  this  acid. 
Clieniically.  however,  there  is  no  increase,  and  what  is  more  impor- 
tant, often  a  decrease,  and  the  name  "  alkalinuria"  is  more  suitable. 
Such  cases  are  <hiei  first,  to  a  diet  which  raises  the  alkalinity  of  the 
bhxxi.  as  a  vegetable  one:  in  gastric  diseases,  with  considerable  loss 
of  hydrochloric  acid  to  the  Iwdy  through  hypersecretion  with  motor 
insufficiency  and  vomiting  or  lavage,  perhaps  diarrhcea  also;    and 

;cially  as  a  symptom  of  neurasthenia  (Pcycr)  witliout  any  of  the 
>ve-mcntioncd  causes.  In  such  a  case  during  the  periods  of  neuras- 
thenia has  been  fomid  a  diminution  in  the  phosphoric  acid  to  about 
half,  but  an  increased  calcium  output.  The  nitrogen  was  also  de- 
creased. It  seems  to  be  the  excess  of  calcium  relative  to  the  phosphoric 
acid  which  leads  to  the  precipitation.  In  Soetbeer  and  Krieger's 
case  the  phosphoric  acid  was  practically  normal,  the  calcium  increased 
even  to  0.7  gin.  a  day  (nnrmal  0,2)  and  Ca  :  PjOa  ::  i  :  1.5  to  2 
(normally  I  :  12).  In  certain  cases'*  there  seem  to  be  during  the 
jieriod  of  phosphaturia  symptoms  referable  to  liiis  abnormal  nielabo- 
lisni.  and  relief  with  its  disappearance,  but  perhaps  coimccted  more 
with  the  change  of  calcium  nietal>oIisni  than  of  phosphoric  acid.  In  one 
ease  the  calcium  was  increased  over  three  times,  jwrhaps  the  result  of 
catarrh  of  the  colon.  It  occurs  also  in  persons  after  sexual  excesses, 
and  in  the  depression  following  psychical  ex.i1tation.  in  which  cases  the 
cause  is  not  known,  but  a  ncr\'ous  control  siispecletl.  Freudenberg  '* 
carries  this  to  an  extreme,  sqiarating  phosphaturia,  latent  phospha- 

"  SoMliMT  Rfid  KricRM.  D«ui    Arth.   (    klin.  Med.  tgoa,  vol,  Ixxll.  p.  553* 
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turia  (in  which  the  precipitate  appears  on  heating  the  fresh  urine), 
and  ammonuria  (tested  by  moist  litmus  over  the  mouth  of  a  tube 
of  heated  urine),  three  grades,  he  thinks,  of  the  same  abnormality,  and 
which  he  found  in  sexual  neurasthenics  especially,  not  in  patients  with 
hysteria.  It  is  often  found  among  mental  cases  (Heinicke).  Some 
few  cases  with  general  symptoms  have  really  increased  phosphoric  acid 
as  their  only  objective  sign;  later,  perhaps,  polyuria  or  glycosuria. 
Senator  suggests  that  some  cases  of  diabetes  insipidus  with  rather  high 
specific  gravity  may  belong  here. 

The  reaction  of  the  urine  can  be  much  modified,  even  made  alka- 
hne.  by  drugs,  particularly  by  alkaline  salts  in  large  doses.  Milk  of 
lime  will  give  an  alkaline  urine  due  to  the  presence  of  ammonium 
carbamate  (Abel).  While  a  transudate  is  quickly  absorbed,  the  urine 
may  become  alkaline ;  also  after  hemorrhage  of  the  intestine,  in  which 
case  the  blood  salts  are  absorbed.  It  is  alkaline  in  certain  cases  of 
pneumonia,  typhoid  fever,  and  diseases  of  the  central  nervous  system. 
We  have  noted  a  marked  alkalinity  in  certain  cases  of  nephritis, 
particularly  of  the  severe  chronic  parenchymatous  form  with  much 
cedema,  which  renders  the  examination  of  casts  difficult.  The  urine  is 
also  alkaline  when  there  are  alkaline  secretions  and  exudates  of  the 
urinary  tract,  as  in  cases  of  cystitis  or  urethritis:  and  lastly  in  alkaline 
fermentation  in  the  bladder. 

The  alkalinity  is,  of  course,  usually  due  to  the  changes  occurring 
after  the  urine  is  voided.  Bacteria  begin  at  once  to  break  the  urea 
up  into  ammonium  carbamate  and  carbonate.  For  this  some  suppose 
a  special  ferment. 

It  is  of  importance  to  determine  whether  the  alkalinity  be  due  to 
a  fixed  alkali  or  to  ammonia.  If  the  latter,  it  is  always  the  result  of 
bacteria]  fermentation.  This  may  be  determined  by  wetting  red  litmus 
paper  in  the  urine  and  then  drying  it;  if  ammonia,  the  red  color  will 
return :  or  moist  litmus  paper  hung  in  the  mouth  of  the  bottle  will, 
if  much  ammonia  be  present,  turn  blue.  But  even  normal  urine  con- 
tains a  certain  amount  of  ammonia,  and  hence  the  paper  if  left  long 
enough  will  usually  blue  somewhat. 

The  acidity  of  the  urine  can  with  difficulty  be  increased,  and  not 
beyond  a  certain  point.  This  occurs  with  increasefl  jiroteid  metabo- 
lism. Cases  of  hyperacidity,  even  two  to  five  times  normal  (phenot- 
phthalein  as  indicator),  and  accompanieil  by  symptoms  of  cystitis,  pain 
especially  in  the  trigonal  region,  but  without  demonstrable  lesions  or 
assignable  cause,  are  reported  by  Brown  "'  in  cases  of  girls  and  young 
women  of  distinctly  neurotic  temperament.  He  suggests  that  it  is  a 
neurosis  of  urinary  secretion.  The  urine  is  very  acid  in  diabetes 
mellitus  if  it  contains  considerable  oxybutyric  and  diacetic  acids.  The 
■■  Phila.  Med.  Joiir,.  M.ircli  2.   1901 
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question  of  the  reaction  in  the  so-called  "  uric  acid  diathesis"  is  not 
yei  decided.  The  reason  that  it  is  so  difficult  to  increase  the  acidity 
in  the  case  of  man  is  that  the  body  will  protect  itself  against  an  acid 
intoxication  by  an  increased  excretion  of  ammonia,  thus  protecting  its 
native  mineral  alkaline  store  from  depletion.  This  ability  is  present 
in  the  herbivora  to  a  much  less  extent,  and  hence  they  are  more  easily 
poisoned  by  acids  than  is  man. 

The  effect  of  muscular  work  on  the  urine  reaction  is  still  un- 
settled. As  the  urine  decomposes,  in  some  cases  after  six  to  twelve 
hours  of  standing,  it  becomes  more  acid,  the  so-called  "  acid  fermenta- 
tion." The  reason  of  this  is  uncertain.  It  is  inconstant  and  is  always 
soon  succeeded  by  an  alkaline  decomposition.  Hammarsten  considers 
it  due  to  the  reaction  between  the  biurates  and  MH3PO4. 

Detesmination  of  the  Total  Acidity  of  the  Urc.ve.— Naegcli  "  advised  to 
add  the  N/ioNaOH  direcily  to  10  cc,  of  urine,  phenolphthatein  used  as  indicator. 
The  error  is  at  least  4  to  8  per  cent, 

Folin  "  uses  potassium  oxalate  in  excess  to  rule  out  the  error  from  ammonium 
sahf  and  calcium  phosphate. 

Twenty-five  cubic  centimetres  of  urine  are  measured  by  a  pipette  into  a  200-cc. 
Erlenmeyer  fJask.  one  or  two  drops  of  0.5  per  cent,  phenolphthaiein  solution  added, 
and  15  to  20  gms.  of  potassium  oxalate.  The  Hask  is  shaken  well  for  one  minute, 
then  at  once  titrated  with  N/loNaOH. 

(For  the  Freund  method,  see  page  129.) 

THE    NITROGENOUS   BODIES 

The  Nitrogen  Output. — The  total  nitrogen  of  the  urine  is  the 
best  index  of  proteid  metabolism.  It  is  fortunate  that  for  this,  our 
stand-by  in  metabolism  work,  we  have  a  satisfactory  method  of  deter- 
mination. The  same  cannot  be  said,  however,  of  the  several  nitro- 
genous bodies. 

In  the  normal  adult  on  an  average  diet  the  total  nitrogen  output 
is  from  10  to  16  gms.  per  day. 

According  to  Hammarsten  this  is  distributed  about  as  follows: 

Adull,  Intent. 

Per  Cent.  TtrCenl. 

Urea    84  to  91  73     to  76 

NHi 2  to    S                7  8  to    9.6 

Uric  acid    1(0    3                3     to    8.5 

Extractives    7  to  12                /-i  to  14.7 

The  sum  of  the  nitrogens  of  urea  aud  ammonia  bears  a  very 
constant  relation  to  total  X  (91  to  93  jwr  cent. ).  a  much  more  constaiu 
one  than  does  either  alnne.'" 

"  Zeitschr.  f.  phy^ioI.  Chem.,  rgoo.  xxx,  313. 
"  .\m.  Jour.  Physiol..  1903,  ix.  265. 
"  Folin.,  Am.  Jour.  Insan.,  1905, 
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In  general  the  total  nitrogen  is  increased  as  a  result  of  increased 
proteid  metabolism,  a  heavy  proteid  meal,  or  anything  increasing  body 
proteid  catabolisni.  Less  is  excreted  on  a  diet  rich  in  carbohydrates 
than  even  while  fasting,  since  in  the  latter  case  the  body  lives  on  its 
tissue  proteid.  The  output  reaches  its  niaximuni  a  few  hours  after 
a  heavy  proteid  meal.  The  evidence  given  that  exercise  increases  the 
output  is  in  part  that  the  amount  excreted  during  the  day  is  to  the 
amount  excreted  at  night  as  3  :  2.  We  hardly  think  that  this  alone  is 
sufficient  evidence,  for  it  has  been  only  too  well  shown  by  studies  of 
the  day  and  night  urine  that  normally  the  kidneys  can  rest  at  night  as 
well  as  the  rest  of  the  body.    Hot  baths  increase  the  nitrogen  output. 

\A'itb  increase  of  water  excretion  that  of  nitrogen  also  is  increased. 
This  latter  point  is  important,  for  even  when  the  diet  is  fairly  constant. 
if  by  any  reason  the  amount  of  urine  be  increased,  the  nitrogen 
also  will  rise.  One  explanation  given  is  that  the  renal  cells  are  always 
stored  with  a  certain  amount  of  nitrogenous  waste  which  the  water 
constantly  removes;  others  say  that  the  many  tissue  ferments,  follow- 
ing the  general  law  of  ferments,  act  better  in  dilute  solution. 

Pathologically  nitrogen  is  increased :  in  fever,  owing  not  to  the 
temperature  per  sc.  but  more  likely  to  the  effect  upon  metabolism  of  the 
toxines  causing  the  fever, — excepting  acute  nephritis  causing  dropsy 
and  those  with  diarrhcea  or  with  large  exudates:  in  cachexia,  in 
which  cases  there  is  a  more  rapid  breaking  down  of  tissue  proteid ;  in 
diabetes,  since  even  with  a  mixed  diet  such  patients  live  on  almost 
pure  proteid  from  food  and  tissues;  after  various  poisons,  as  arsenic, 
antimony,  phosphorus,  and  other  protoplasm  jioisons;  and  anything 
diminishing  the  oxygen  intake,  as  prolonged  dyspnoea,  hemorrhage, 
carbon  monoxide  poisoning,  etc.  During  the  resolution  of  a  pneu- 
monic exudate  its  digestion  and  excretion  can  he  well  followed  by  the 
nitrogen  of  the  urine,  and  the  amount  of  lung  cleared  estimated.  In 
a  case  of  Miiller's  the  excess  of  nitrogen  output  during  the  resolution 
was  28  gnis.,  which  represented  800  gms.  of  exudate.  The  continued 
large  output  in  cases  of  delayed  resolution  would  indicate  a  continuous 
process,  a  "  chronic  pneumonia,"  rather  than  a  failure  to  resolve. 
Cook^*  followed  a  few  such  cases,  in  one  of  ivhich,  with  one  lung 
in\-olved,  the  nitrogen  output  would  represent  the  exudate  of  four 
solid  lungs. 

In  much  of  the  work  on  metabolism  the  urea,  not  nitrogen,  has 
been  followed,  and  by  methods  which  determine  reaUy  more  the  total 
nitrogen,  as.  for  instance,  Liebig's,  or  which  are  quite  faulty,  as 
Hufner"s. 

By  combining  the  findings  of  these  two  lines  of  work,  to  the 
above  may  be  added  that  in  general  anything  increasing  proteid 
"Johns  Hopkins  Hosp.  Bull..  December.  1902,  p,  307. 
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catabolism  increases  the  nitrogen.  Again,  aitytliing  increasing  ihe 
water  output  will  increase  the  nitrogen,  as,  for  iiifilancc,  in  dialietes 
insipiiiiis  (in  which  ihsease  ijo  gnis.  of  urea  have  been  rcpi.ricd) 
ami  cases  of  chrwiic  nepliritis  with  polyuria.  Again,  the  nitrogen  is 
creased  when  exudates  or  transudates  are  absorbed, 
kelentioii  of  nitrogen  occurs  in  a  person  gaining  weight,  in  myxoe- 
dcma.  in  the  convalescence  of  fevers.  In  one  case  of  convalei^cent 
typhoid  fLiithjc)  the  record  was  reached,  in  twenty-six  days  the 
person  retaining  121.38  gms.  of  N,  which  wonUI  represent  758.6  gms, 
of  albumin  or  3568.6  gms.  of  muscle.  Tlie  person  gained  6490  gms. 
in  weight.  This  retention  of  water  and  nitrogen  is  well  seen  in  the 
last  of  prcgnanc>',  and  is  followed  by  a  <linrcsis  and  increased  rntrogen 
output,  which  begins  atxiut  the  second  ilay  of  the  puerperinm  and  lasts 
aliout  two  weeks." 

Tlie  amount  considered  normal.  10  to  16  gms.  per  day.  is  this  high 
because  we  eat  almost  twice  too  much.  Vegetarians  can  accustom 
vthemsclves  to  a  5  to  6  gms.  output  and  even  then  store  up  nitrogen. 
"  The  amount  excreted  is  diminished  physiologically  by  a  po<jr  diet, 
and  especially  by  one  rich  in  carbohydrate;  when  the  water  is  reduced 
as  a  result  <if  free  sweating,  etc.;  in  pregnancy:  and  by  small  doses 
of  ((uiniue.  Pathologically,  it  may  be  diminished  by  a  diminished 
abiSoq)tion  of  the  proteid  in  the  intestine;  or  the  oxidation  in  the 
body  may  hv  at  low  ebb.  as  in  cases  of  very  reduced  vitality,  and 
at  the  end  of  acute  fevers.  The  diminution  may  result  from  the  re- 
iition  of  IkkItcs  which  should  he  excreted,  as  in  cases  of  dropsy, 
exudate  or  transudate  formation,  also  when  there  is  a  very  small 
water  output :  or  there  may  be  an  inability  to  excrete,  as.  for  inst.incc, 
a  severe  nephritis  in  which  the  droj)  in  urea  may  be  one  of  ihc  first 
serious  symptoms  heralding  llie  onset  of  unemia.  Tliia  inability  to 
excrete  is  also  seen  in  mere  functional  disturbances  of  the  kidneys; 
also  I)efore  death  due  to  any  cause.  In  some  cases  it  may  be  mani- 
icstc<I  by  the  urea  frost,  tlic  urea  crystalliKing  on  the  skin. 

Estimation  of  Nitrogen. — The  KjcldabI  method  is  quite  uniformly 
tuwd.  Of  this  there  arc  several  modifications.  That  most  commonly 
used  is  Gumming's.  For  all  modificalions  it  is  necessary  to  have 
combustion  flasks  of  Jena  glass  of  abont  250  to  300  cc.  c.ijxicity.  and 
ordinarj-  distilling  apparatus  with  a  good  cooling  jacket  (see  Fig. 
g,  C).  To  the  urine,  in  amount  varying  from  5  to  20  cc.  according 
to  its  concentration,  are  added  15  cc.  of  pure  concentrated  sulphuric 
id,  10  gms.  of  potassium  sulphate,  and  about  I  gm.  of  copjwr  sul- 
ihate.  This,  supported  on  a  sheet  of  asbestos  gau7.e,  is  then  boiled 
over  a  free  (lame  in  a  hood  with  a  good  draft  until  the  fluid  is  a  clear 
blue.  The  worker  should  be  careful,  if  it  is  necessary  to  wash  down 
"  Skmon.f.  John*  HopVins  Ho«p.  Rep,,  vol.  xij.  1904. 
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the  carbon  from  the  sides  of  the  glass  by  shaking  the  fluid,  that  he 
does  not  burn  himself  with  this  exceedingly  hot  acid.  After  the  fluid 
is  perfectly  blue  the  heat  should  be  continued  for  a  few  minutes  or 
e\-en  half  an  hour,  that  the  combustion  may  be  perfect.  Uric  acid 
and  other  bodies  are  perfectly  oxidized  only  after  at  least  half  an 
hour's  further  heating  of  the  clear  fluid.  By  this  means  practically 
all  of  the  nitrogen  has  been  converted  into  ammonia,  and  is  hence 


Fic.  19.— DIsiiHing  apiHraius  ior  nilro|{«n  delinninalion  IKjeldahli.  A.  Dislillalion  Oaski  B, 
lalily  bulb ;  C,  Lithig  cooler  ]  D,  Erlenmeyet  flask  to  receive  distillate  and  ct>niaininK  the  sundard  acid ; 
£,  aalety  bulb  to  pre^'eiu  back-flow. 

present  as  animoninni  sulphate.  The  oxidation  may  be  aided  by 
adding  a  little  KM11O4.  The  Hiiid  is  allowed  to  cool  perfectly,  dis- 
tilled water  then  added  in  excess,  and  the  duid  poured  into  a  distilling 
tiask  (see  Fig.  [9,  A)  of  i  litre  capacity,  with  long  neck  and  round 
bottom,  and  the  combustion  flask  well  washed  into  this  flask,  rinsing 
three  or  four  times.  Talcum  powder  or  zinc  granules  may  be  added 
to  prevent  bumping.    An  amount  of  strong  sodium  hydroxide,  specific 
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gravuy  1230,  found  by  previous  tx|XTiuicnU  sufficieni  in  more  tlian 
ntutralize  the  acui,  is  now  aiUled  ami  ihe  llask  ai  once  fitted  to  the 
Licbig  cooler.  The  lower  eiKi  of  lliis  cooler  ends  in  a  bent  tube  which 
vertically  des<:en(ls  lo  the  Ix'tiom  of  a  small  Erlenmeyer  llask.  D, 
of  about  300  cc.  capacity,  in  which  have  l>ccn  put  previously  just  50  cc, 
of  fourth-normal  HjSO,.  In  the  subsc(iucnt  distillation,  therefore, 
all  the  uinmoiiia,  which  will  be  s^xxn  off  at  nnce  in  the  cold  an<l  the 
rest  on  boiling,  bubbles  thrnugh  this  acid  and  is  thus  caught.  The 
distillation  is  cuntinucil  until  aliout  too  cc.  of  distillate  have  passed 
over,  but  the  l>oiltng  should  never  he  loo  vigorous,  and  the  apparatus 
watched  to  be  sure  no  acid  spuri.s  into  the  cooler;  hence  the  vertical 
tube  has  a  safety-bulb.  B.  to  prevent  this.  The  Erlennieyer  flask 
m,iy  then  be  lowered  and  tlic  disullalc  tested  with  lacmoid  paper,  to 
make  sure  that  the  ammonia  has  entirely  passed  over.  The  acid  cling- 
ing to  the  end  of  the  tube  is  washed  into  the  flask.  This  sulphuric 
acid  is  then  titrated  against  fourth -normal  NaOH,  using  codiiiienl, 
methyl  orange  or  pure  iitnuis  as  indicator.  There  can  l>e  no  doubt 
that  Ihe  pure  litmus  is  the  best  if  the  necessary  precautions  are  used. 
The  most  convenient  is  cochineal,  whicli  can  be  used  in  anificial  light 
as  well,  and  is  sufticiently  correct  for  ordinary  work.  (  The  cochineal 
Inigs  are  ground  finely  and  extracted  with  50  per  cent,  alcohol.  The 
filtered  extract  is  used  .ts  indicator.)  Fmm  the  $0  cc.  arc  subtracted 
the  nuniber  of  cubic  centimetres  of  fourth-normal  NaOH.  anil  the  dif- 
ference indicates  the  amount  of  foiirth-nornial  HjSO,  neutralized  by 
amnKinia.  This  value  muhiplicd  by  0.0035  gms.  would  ccpial  in 
grannues  llic  weight  of  nitrogen  in  the  amount  of  urine  used. 

(  Note. — This  method  does  not  indicate  nitrates  or  nitro-com- 
pounds. ) 

For  the  relation  between  carbon  and  nitrogen,  see  Richard- 
son." 

Ure*  is  the  chief  nitrogenous  IxkIv  of  the  urine  and  the  one  which 
until  recently  has  attracted  most  attention.  The  methods  employed 
to  determine  it  ( Licbig's.  Hiifner's)  have  not  given  perfectly  correct 
results,  the  first,  in  fact,  giving  a  fair  nitrogen  dctennlnation,  and  the 
iiecond.  a  fairly  correct  in  some,  a  very  incorrect  result  in  other  cases: 
hence  among  the  figures  reported  in  such  raass  many  must  be  erro- 
nctHis. 

The  ntnoiint  rif  urea  a»  an  index  of  nitrogen  tneiabiiliim  hnv  lieen  ii«eii  us  » 
te*1  of  llic  difc«iion.  Ill  itiit  m^e  n  meal  eoniainint;  an  cxcm  of  nitrogen  is 
(IvfQ,  f(i(  iltuMraiion.  500  gm».  of  nitut.  eijjlit  egg!!,  and  2oa  gmt.  of  hrcAd:  durini 
thi*  and  tlic  follfminR  ilay  «t  tci*!  50  gnu.  of  urea  'h'liild  be  excreted. 

The  amount  of  urea  excreted  by  a  normal  person  on  an  average 
■  Am.  }iiUT.  Med  Sci.,  igoa,  voL  cxxiv. 


104  CLINICAL   DIAGNOSIS 

diet  varies  from  20  to  40  gms.,  more  in  the  case  of  men  than  of 
women.  On  a  poor  diet  it  may  be  from  15  to  20  gms.,  while  on  a 
very  rich  diet  figures  as  high  as  100  gms.  in  twenty-four  hours  have 
been  reported.  In  general  it  may  be  said  that  for  a  vigorous  person 
on  an  average  diet  about  30  gms.  may  be  expected;  for  an  invaUd, 
about  20  gms. 

In  general  the  amount  of  nrea  is  parallel  to  that  of  the  nitrogen. 

The  urea  may  be  diminished  because  the  nitrogen  is  diminished, 
or  is  excreted  in  other  forms,  particularly  as  ammonia ;  for  by  far  the 
most  of  urea  passes  through  the  ammonia  stage,  and  one  of  the  most 
important  functions  of  the  liver  is  that  of  changing  the  ammonia  to 
urea ;  hence  in  certain  cases  of  liver  disease  the  output  of  urea  dimin- 
ishes and  that  of  ammonia  increases,  constituting  even  50  to  60  per 
cent,  of  the  total  nitrogen  {see  page  115).  It  is  true,  however,  that 
in  other  cases  with  marked  gross  lesion  of  the  liver  the  percentage 
is  about  normal.  Again;  the  nitrogen  may  be  eliminated  as  ammonia 
because  of  acids  ingested  or  formed  within  the  body  and  neutralized 
by  it  to  protect  the  mineral  alkali ;  hence  it  is  withdrawn  from  urea 
formation.  Such  is  true  in  diabetes  and  in  cachexia,  in  which  there 
is  a  disturbance  of  the  carbohydrate  absorption  or  use,  thus  forcing 
the  body  to  use  oniy  the  pure  proteid  of  food  or  tissues, — that  is,  an 
acid  producing  diet. 

A  few  words  may  at  ihis  point  be  said  concerning  the  origin  of  urea.  Its 
sources  are:  the  direct  hydrolysis  of  albumin,  in  which  case  among  the  precursors 
of  urea  have  been  found  creatin,  lysatin,  and  arginin.  Drechsel  claiming  that  lo  per 
cent,  of  the  urea  may  have  this  source;  it  may  be  formed  from  amido-acids.  leu- 
cine, glycocol!,  asparaginic  acid,  as  proved  by  the  isolated  liver,  but  how  much 
this  occurs  in  the  body  cannot  be  said.  The  great  mass  of  urea  is  certainly  formed 
from  ammonia  salts  changed  by  the  liver  to  urea.  Amido  acids,  carbamic  acids, 
and  ammonium  carbonate  are  probably  the  early  stages  in  this  process.  Carbamic 
acid  has  been  proved  in  the  urine  of  man  after  the  ingestion  of  large  amounts  of 
milk  of  lime  (Abel  and  Muirhead),"  and  is  probably  a  constituent  of  normal  urine. 
These  ammonia  compounds,  when  not  es:creled,  probably  produce  toxic  symptoms, 
since  their  direct  injection  or  their  increase  in  the  blood  in  a  dog  with  an  Eck  fis- 
tula is  followed  by  such  symptoms.  And.  lastly,  the  possibility  of  an  oxidation  syn- 
thesis has  been  proved  by  Hofmeister.  The  liver  is  the  only  organ  which  has  been 
proved  (o  have  this  so-called  function  of  neutralising  ammonia;  that  is,  of  changing 
a  toxic  end-product  into  a  harmless  one.  In  men  with  liver  cirrhosis,  acute  yellow 
atrophy,  and  in  phosphorus  poisoning,  from  50  to  60  per  cent,  of  the  nitrogen  has 
been  found  as  ammonia.  In*  other  cases,  however,  there  is  a  normal  percentage. 
It  is  true  that  in  all  such  cases  the  possibility  of  the  increase  or  formation  of  an 
acid  may  be  sufficient  to  fexplain  this  output  of  ammonia. 

That  urea  represents  nitrogen  needlessly  consumed,  hence  that  practically  the 
whole  animal  kingdom  overeats,  we  are  not  yet  ready  to  believe. 

Estimation  of  Urea. — Since  urea  is  one  of  the  bodies   most 
mfluencing   the   specific   gravity,    an    approximate    estimate   may   be 
formed  from  this,  but  due  allowance  must  be  ma<le  for  chlorides, 
"Arch.  f.  Exp,  Path,  und  Pharm.,  vol.  xxxi. 
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ViG.  30,— Hcini  itaodJAfaiion  of  Hefner  appAnl us  for  urcfl  dctecmirdtion'    A,  bulb;  B,  gtaduatrd 
tube  to  collect  and  measure  the  nitrogen ;  C,  tube  for  urine ;  I>.  stopcock. 

Hiifner's  Method. — This  method  has  been  the  most  popular,  and 
even  now  it  can  do  very  useful  service;  it  depends  on  the  decompo- 
sition of  urea  by  so^hiim  hypobromite.  and  the  collection  and  deter- 
mination of  the  volume  of  nitrogen  thus  liberated.  The  method  is  not 
accurate  {see  page  106).  Tlie  simplest  apparatus  used  is  the  Doremus 
tube  shape<l  like  the  above  figure,  but  without  side  tube  and  foot.  The 
urine  is  measured  in  a  i  cc.pipettewith  ruhher  hiilband  bent  end.  This 
is  thrust,  when  filled  exactly  to  the  mark  with  urine,  intothebendof  the 
tube,  mouth  upward,  and  the  urine  slowly  and  steadily  expressed  into 
the  urine.  The  tube  is  so  tilted  that  all  the  gas  will  collect  in  the  long 
tube.  It  must  be  remembered  that  an  error  of  one  dropintheamountof 
urine  means  an  error  of  6  i)er  cent,  in  that  of  urea.  The  Hiifner  appa- 
ratus allows  of  a  very  accurate  estimation  of  the  amount  of  urine  use'' 
a  greater  accuracy  that  the  method  justifies.    Sincethe  errorinhere" 
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Until  recently  by  "  degree  of  acidity"  was  understood  the  amount 
of  hydrogen  which  could  be  replaced  by  the  metal  of  an  alkaline  solu- 
tion (NaOH),  regardless  whether  these  hydrogen  ions  were  already 
dissociated  or  could  be  substituted  by  the  alkali.  Now  is  meant  the 
absolute  number  of  dissociated  H-ions  per  one  litre  of  urine.  The 
latter  contribution  of  the  physical  chemists  is  interesting,  indeed,  but 
of  little  value  to  the  clinician.  Judged  by  this,  urine  is  only  about 
thirty  times  as  acid  as  distilled  water,  and  only  about  one  ten-thou- 
sandth as  acid  as  titration  would  indicate,  and  the  difficulties  of  its 
determination  rule  this  out  from  clinical  methods.  The  titration 
method  alone  is  possible  for  general  use,  and  the  question  arises  if  its 
results  are  of  any  real  value  or  simply  of  an  empirical  arbitrary  value. 
Hober'^  claims,  as  the  result  of  parallel  estimations,  that  these  two 
"  acidities"  vary  sometimes,  often  perhaps,  in  a  very  independent 
manner,  hence  variations  in  each  would  have  different  values,  and 
neither  method  would  be  able  to  replace  the  other.  The  question, 
therefore,  is,  Does  the  titration  method  give  results  valuable  enough 
to  repay  the  time,  or  are  the  results  worse  than  useless  since  mislead- 
ing? The  difficulties  are  that  the  acidity  of  the  urine  in  the  common 
sense  of  the  term  depends  upon  a  considerable  number  of  chemical 
substances,  for  the  most  part  acid  salts,  and  hence  the  question  of 
color  indicator  is  a  very  serious  one,  since  the  points  indicated  by  the 
various  ones  as  the  neutral  point  differ  and  none  is  by  any  means  the 
theoretical  one.  Phenolphthalein  is  the  one  usually  used.  This  has  as 
practical  advantages  the  sharpness  of  its  end  reaction  and  the  fact 
that  of  the  indicators  it  is  itself  the  weakest  acid.  But  it  is  a  poor 
indicator  in  the  presence  of  ammonium  salts,  perhaps  the  worst. 
Whatever  results  are  obtained  with  it  must  be  given  not  an  absolute 
but  an  empirical  value.  Yet  the  opinion  of  those  working  in  this  line 
is  that  the  results  with  it  are  comparable. 

The  reaction  of  the  twenty-four-hour  amount  of  well-preserved 
urine  is.  in  the  case  of  man,  always  faintly  acid  to  litmus,  a  degree 
corresponding  to  about  1.15  to  2.3  grammes  of  HCl  for  twenty-four 
hours.  This  acidity  depends  chiefly  upon  the  diet,  and  is  greater  the 
more  the  proteid  oxidized.  The  urine  of  herbivorous  animals  is 
alkaline,  since  the  organic  acids  of  their  food  are  oxidized  to  alkaline 
carbonates,  yet  if  starved,  acid,  since  then  their  tissue  proteid  is  their 
diet.  A  man  on  a  vegetable  diet  will  have  a  less  acid,  or  amphoteric 
urine  perhaps,  from  this  increased  ingestion  of  alkali-forming  foods. 
In  no  case  is  there  free  acid  in  the  urine,  the  acidity  being  due  to  acid 
salts,  and  particularly  diacid  sodium  phosphate.  There  are  many  other 
acids  produced  in  the  oxidation  of  proteids  themselves  neutral. 
Among  these  are  sulphuric,  phosphoric,  uric,  hippuric,  oxalic,  and  the 
"  Hofmeisler's  Beitr.,  1903.  vol,  iii.  p.  S25- 
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romaiic  acids.  Just  what  i^irt  tlicsc  play,  however,  cannot  be 
decitle<l,  but  certainly  uric  acid  is  no  iact»n\  since  its  sohiiioii  is  neuiral 
to  litmus. 

A  constant  acidity  has  been  found  only  after  and  during  a  jwriod 
of  slarvalioti. 

Variations  in  the  reaction  are  due  to  the  <liet,  as  mentioned  above. 
The  acidity  is  highest  in  the  inoniing  licforc  breakfast  and  lower  a 
few  hours  after  each  meal,  and  especially  in  the  forenoon,  due  to  the 
secretion  of  hydrochloric  acid  of  the  gastric  juice.  For  a  short  time, 
two  to  four  hours,  after  a  meal  the  urine  may.  indeed,  be  alkaline  when 
freshly  voided  and  tnrliiil  with  sediment  of  the  phosphates  of  the 
alkaline  earths,  a  condition  known  as  "  phosphatnria."  Normally  this 
diminished  acidity  or  even  alkalinity  of  ihc  "  alkaline  tide"  diminishes 
after  a  nical  during  the  time  the  hydrochl'iric  acid  is  reabsorltcd. 

PliospHATt;Ri.\  is  the  term  formerly  given  to  a  symptom-complex 
with  a  heavy  precipitate  of  the  earthy  phosphates  in  the  freshly  voided 
urine,  yet  witliout  the  formed  elements  which  would  indicate  a  lesion 
nf  the  tract,  and  supposed  to  be  due  to  an  increased  output  of  this  acid. 
Oiemically.  however,  there  is  no  increase,  and  what  is  more  impor- 
tant, often  a  decrease,  and  the  name  "  alkaliiiuria"  is  more  suitable. 
Such  cases  arc  due:  first,  to  a  diet  which  raises  the  alkalinity  of  the 
blood,  as  a  vegetable  one;  in  gastric  diseases,  with  con.siderable  loss 
of  hydrochloric  acid  to  the  Ijody  through  h>T)crsecrction  with  motor 
insufficiency  and  vomiting  or  lavage,  perhaps  diarrhcca  also;  and 
especially  as  a  symptom  of  neurasthenia  (Fcyer)  without  any  of  the 
above-mentioned  causes.  In  such  a  case  during  the  periods  of  neuras- 
thenia has  been  found  a  diminution  in  the  phosphoric  acid  to  about 
half,  but  an  increased  calcium  output.  The  nitrogen  was  also  de- 
crease<l.  ll  seems  to  \k  the  excess  of  calcium  relative  to  the  phosphoric 
acid  which  leads  to  the  precipitation.  In  Soetbeer  and  Kricger's 
case  the  phosphoric  acid  was  practically  nonnal,  the  calcium  increased 
even  to  0.7  gm.  a  day  {normal  0.2)  and  Ca  :  PyOf.  ::  1  :  1.5  to  2 
(normally  i  :  la).  In  certain  cases'*  there  seem  to  be  during  the 
period  of  phosphaturia  symptoms  refcrahle  to  this  abnonnal  meialx)- 
lism,  and  relief  wiih  its  disapiwarancc.  but  perhaps  connected  more 
with  the  change  of  calcium  meiah-)lisiii  than  of  phosphoric  acid.  In  one 
case  the  calcium  was  increased  over  three  times,  perhaps  the  result  of 
catarrh  of  the  colon.  It  occurs  also  in  persons  after  sexual  excesses. 
and  in  the  depression  following  psychical  exaltation,  in  which  cases  tlie 
cau<e  is  not  known,  but  a  nervous  control  suspected.  Freudenlwrg  " 
carries  this  to  an  extreme,  separating  phosphaturia,  latent  phospha- 


Soeibccr  and  Kriegcr,  Deui.   Arch,   f    ktin,  Med..  190a,  vol.  IxxiL  p.  553; 
PMek.  M.  J.,  vol.  XXX 
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turia  (in  which  the  precipitate  appears  on  heating  the  fresh  urine), 
and  amnionuria  (tested  by  moist  litnuis  over  the  mouth  of  a  tube 
of  heated  urine),  three  grades,  he  thinks,  of  the  same  abnormahty,  and 
which  he  found  in  sexual  neurasthenics  especially,  not  in  patients  with 
hysteria.  It  is  often  found  among  mental  cases  (Heinicke).  Some 
few  cases  with  general  symptoms  have  really  increased  phosphoric  acid 
as  their  only  objective  sign;  later,  perhaps,  polyuria  or  glycosuria. 
Senator  suggests  that  some  cases  of  diabetes  insipidus  with  rather  high 
specific  gravity  maj'  belong  here. 

The  reaction  of  the  urine  can  be  much  modified,  even  made  alka- 
line, by  drugs,  particularly  by  alkaline  salts  in  large  doses.  Milk  of 
lime  wili  give  an  alkaline  urine  due  to  the  presence  of  ammonium 
carbamate  (Abel).  While  a  transudate  is  quickly  absorbed,  the  urine 
may  l>ecome  alkaline ;  also  after  hemorrhage  of  tiie  intestine,  in  which 
case  the  blood  salts  are  absorbed.  It  is  alkahne  in  certain  cases  of 
pneumonia,  typhoid  fe\er.  and  diseases  of  the  central  nervous  system. 
We  have  noted  a  marked  alkalinity  in  certain  cases  of  nephritis, 
particularly  of  the  se\'ere  chronic  parenchymatous  form  with  much 
cedema,  which  renders  the  examination  of  casts  difficult.  The  urine  is 
also  alkahne  when  there  are  alkaline  secretions  and  exudates  of  the 
urinary  tract,  as  in  cases  of  cystitis  or  urethritis:  and  lastly  in  alkaline 
fermentation  in  the  bladder. 

The  alkalinity  is,  of  course,  usually  due  to  the  changes  occurring 
after  the  urine  is  voided.  Bacteria  begin  at  once  to  break  the  urea 
up  into  ammonium  carbamate  and  carbonate.  For  this  some  suppose 
a  special  ferment. 

It  is  of  importance  to  determine  whether  the  alkalinity  be  due  to 
a  fixed  alkali  or  to  ammonia.  If  the  latter,  it  is  always  the  result  of 
bacterial  fermentation.  This  may  be  determined  by  wetting  red  litmus 
paper  in  the  urine  and  then  drying  it;  if  ammonia,  the  red  color  will 
return:  or  moist  litmus  paper  hung  in  the  mouth  of  the  bottle  will, 
if  much  ammonia  be  present,  turn  blue.  But  even  normal  urine  con- 
tains a  certain  amount  of  ammonia,  and  hence  the  paper  if  left  long 
enough  will  usually  blue  somewhat. 

The  acidity  of  the  urine  can  with  <lifficulty  l>e  increased,  and  not 
beyond  a  certain  point.  This  occurs  with  increased  proteid  metabo- 
lism. Cases  of  hyperacidity,  even  two  to  five  times  n<innal  (phenoU 
phthalein  as  indicator),  and  accompanied  by  symptoms  of  cystitis,  pain 
especially  in  the  trigonal  region,  but  without  demonstrable  lesions  or 
assignable  cause,  are  reported  by  Brown  "'  in  cases  of  girls  and  young 
women  of  distinctly  neurotic  temperament.  He  suggests  that  it  is  a 
neurosis  of  urinary  secretion.  The  tirine  is  very  acid  in  diabetes 
mellitus  if  it  contains  considerable  oxybutyric  and  diacetic  acids.  The 
'■Phila.  Med.  Jour..  March  2.  tgoi 
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question  of  the  reaction  in  the  so-catletl  "  uric  acid  diathesis"  is  not 
yet  decided.  The  reason  that  it  is  so  difRciilt  to  increase  the  acidity 
in  the  case  of  man  is  that  the  body  will  protect  itself  against  an  acid 
intoxication  by  an  increased  excretion  of  amntonia.  thus  protecting  its 
native  mineral  alkaline  store  from  depletion.  This  ability  is  present 
in  the  herbivora  to  a  much  less  extent,  and  hence  they  are  more  easily 
poisoned  by  acids  than  is  man. 

The  effect  of  muscular  work  on  the  urine  reaction  is  still  un- 
settled. As  the  urine  deconiiJoses.  in  some  cases  after  six  to  twelve 
hours  of  standing,  it  becomes  more  acid,  tlie  so-called  "  acid  fermenta- 
tion." The  reason  of  this  is  uncertain.  It  is  inconstant  and  is  always 
soon  succeeded  by  an  alkaline  decomposition.  Hammarsten  considers 
it  due  to  the  reaction  between  the  biurates  and  MH^POj. 

Deteku  I  NATION'  OF  THE  Total  Acimtv  of  the  L'm.vE.— N'acgeli  "  advised  to 
add  the  N/inNaOH  directly  to  lo  cc.  of  urine,  phcnolpluhalein  used  as  indicator. 
The  error  is  at  least  4  to  8  per  cent. 

Folin  "  uses  potassium  oxalate  in  excess  to  rule  out  the  error  from  ammonium 
salts  and  calcium  phosphate. 

Twenty-five  cubic  centimetres  of  urine  are  measured  by  a  pipette  into  a  200-cc. 
Erlenmeyer  flask,  one  or  two  drops  of  o-S  per  cent,  phenolphthalein  solution  added, 
and  IS  to  20  gms.  of  potassium  oxalate.  The  flask  is  shaken  well  for  one  minute, 
then  at  once  titrated  with  N/ioNaOH. 

(For  the  Freund  method,  see  page  129.) 

THE   NITROGENOUS   BODIES 

The  Nitrogen  Output. — The  total  nitrogen  of  the  urine  is  the 
best  index  of  proteid  metabolism.  It  is  fortunate  that  for  this,  our 
stand-by  in  metabolism  work,  we  have  a  satisfactory  method  of  deter- 
mination. The  same  cannot  be  said,  however,  of  the  several  nitro- 
genous bodies. 

In  the  normal  adult  on  an  a\erage  diet  the  total  nitrogen  output 
is  from  10  to  16  gms.  per  <lay. 

According  to  Hammarsten  this  is  distributed  about  as  follows: 

Adull,  Inlanl. 

P«C«nl.  Per  Cent. 

Urea   S4  to  91  73  to  76 

NH.    2  to    5  7,8  to    9.6 

Uric   acid    I  to     3  3  to     8.5 

Extractives    7  to  12  73  10  14.7 

The  sum  of  the  nitrogens  of  urea  and  ammonia  hears  a  very 
constant  relation  to  total  \  (91  to  93  percent.  1.  a  nnicli  more  constant 
one  than  does  either  alone.'" 

"  Zeilschr.  f,  phyiiol.  Chem.,  1900,  xxx.  313. 
".\m.  Jciur.  Physiol,.  1903.  ix.  265, 
"Folin,,  Am.  Jour.  Insan.,  1905. 
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In  general  the  total  nitrogen  is  increased  as  a  result  of  increased 
proteid  metabolism,  a  lieavy  proteid  meat,  or  anything  increasing  body 
proteid  cataboiism.  Less  is  excreted  on  a  diet  rich  in  carbohydrates 
than  even  while  fasting,  since  in  the  latter  case  the  body  lives  on  its 
tissue  proteid.  The  output  readies  its  maximum  a  few  hours  after 
a  heavy  proteid  meal.  The  evidence  given  that  exercise  increases  the 
output  is  in  part  that  the  amount  excreted  during  the  day  is  to  the 
amount  excreted  at  night  as  3  :  2.  We  hardly  think  that  this  alone  is 
sufficient  evidence,  for  it  has  been  only  too  well  shown  by  studies  of 
the  day  and  night  urine  that  normally  the  kidneys  can  rest  at  night  as 
well  as  the  rest  of  the  body.    Hot  baths  increase  the  nitrogen  output. 

With  increase  of  water  excretion  that  of  nitrogen  also  is  increased. 
This  latter  iwint  is  inii>ortant,  for  even  when  the  <liet  is  fairly  constant, 
if  by  any  reason  the  amount  of  urine  be  increased,  the  nitrc^en 
also  will  rise.  One  explanation  given  is  that  the  renal  cells  are  always 
stored  with  a  certain  amount  of  nitrogenous  waste  which  the  water 
constantly  removes ;  others  say  that  the  many  tissue  ferments,  follow- 
ing the  general  law  of  ferments,  act  better  in  dilute  solution. 

Pathologically  nitrogen  is  increased:  in  fever,  owing  not  to  the 
temperature  per  sc,  but  more  likely  to  the  effect  upon  metabolism  of  the 
toxines  causing  the  fever, — excepting  acute  nephritis  causing  dropsy 
and  those  with  diarrhoea  or  with  large  exudates ;  in  cachexia,  in 
which  cases  there  is  a  more  rapid  breaking  down  of  tissue  proteid ;  in 
diabetes,  since  even  with  a  mixed  diet  such  patients  live  on  almost 
pure  proteid  from  food  and  tissues ;  after  various  poisons,  as  arsenic, 
antimony,  phosphorus,  and  other  protoplasm  poisons;  and  anything 
diminishing  the  oxygen  intake,  as  prolonged  dyspnoea,  hemorrhage, 
carbon  monoxide  poisoning,  etc.  During  the  resolution  of  a  pneu- 
monic exudate  its  digestion  and  excretion  can  lie  well  followed  by  the 
nitrogen  of  the  urine,  and  the  amount  of  lung  cleared  estimated.  In 
a  case  of  Miiller's  the  e.xcess  of  nitrogen  output  during  the  resolution 
was  28  gins.,  which  represented  800  gms.  of  exudate.  The  continued 
large  output  in  cases  of  delayed  resolution  would  indicate  a  continuous 
process,  a  "  chronic  pneumonia,"  rather  than  a  failure  to  resolve. 
Cook*"  followed  a  few  such  cases,  in  one  of  which,  with  one  lung 
involved,  the  nitrogen  output  would  represent  the  exudate  of  four 
solid  lungs. 

In  much  of  the  work  on  metabolism  the  urea,  not  nitrogen,  has 
been  followed,  and  by  methods  which  determine  really  more  the  total 
nitrogen,  as,  for  instance,  Liebig's,  or  which  are  quite  faulty,  as 
Hiifiier's. 

By  combining  the  findings  of  these  two  lines  of  work,  to  the 
above  may  be  added  that  in  general  anything  increasing  proteid 
"Johns  Hopkins  Hosp.  Buil.  December,  1902,  p.  J07. 
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catabolism  increases  the  tiitnif;en,  Apain,  atiything  increasiTig  ihc 
water  output  will  increase  the  nitroKCii,  as.  for  instance,  in  (tialwtes 
inMpidu-i  (in  which  disease  130  gms.  i>i  urea  have  bt-cti  reported) 
and  cases  of  chronic  nephriti»  xvith  polyuria.  Again,  the  nitrogen  is 
increased  when  exudates  <ir  transudates  are  absorbed. 

Reteiuion  of  nitrogen  Dccurs  in  a  person  gaining  weight,  in  myxre- 
dcma,  in  the  convalescence  of  fevers.     In  one  case  of  convalescent 
t^^lhf^id  U-iithjc)   the  record  was  reached,  in  twenty-six  days  the 
perwMi  retaining  121.38  gms.  of  N,  which  wonld  represent  758,6  gins. 
f  albumin  or  3568.6  gins,  of  muscle.    The  person  gaincil  6490  gms. 
weight.    Tliis  retentioTi  of  water  and  nitrogen  is  well  seen  in  the 
*last  of  pregnancy,  and  is  followed  by  ,t  diuresis  and  increased  nitrogen 
output,  which  b^ins  about  the  second  day  of  the  puerperium  and  lasts 

■alxiut  two  weeks." 
The  aniounl  considered  normal.  10  to  16  gms.  per  d.ay.  is  this  high 
because  we  eat  ahnost  twice  too  mucli.      Vegetarians  can  accustom 

■themselves  to  a  5  to  6  gms.  output  and  even  then  store  up  nitrogen. 
The  auKumt  excreted  is  diminished  physiologically  by  a  poor  diet, 
and  especially  by  one  rich  in  carbohydrate :  when  the  water  is  reduced 

IBS  a  result  of  free  sweating,  etc.:  in  pregnancy;  and  by  small  doses 
of  quinine.  Palhologicatly,  it  may  he  diminished  by  a  diminished 
absorption  of  the  protcid  in  the  intestine;  or  the  oxidation  in  the 
b»Mly  may  be  at  low  ebb,  as  in  cases  of  very  reduced  vitality,  and 
at  the  end  of  acute  fevers.  The  diminution  may  result  from  the  re- 
tention of  bodies  which  shouhl  Iw  excreted,  as  in  cases  of  dropsy. 
exu<latc  or  transudate  formation,  also  when  there  is  a  very  small 
water  out]iu^ ;  or  there  may  I>c  an  in,ihilily  to  excrete,  as,  for  instance, 
a  se\erc  nephritis  in  which  the  drop  in  urea  may  he  one  of  the  first 
[■serious  s>nnpii>nH  heralding  the  onset  of  ur.TmIa.  This  inability  to 
xcrete  is  also  seen  in  mere  functional  disturbances  of  the  kidneys; 
lalso  before  death  due  to  any  cause.  In  some  cases  it  may  be  mani- 
Icstcd  by  the  urea  frost,  the  urea  crystallizing  on  the  skin. 

Estimation  of  Nitrogen— The  Kjcldahl  method  is  quite  uniformly 

Of  this  there  are  several  modifiaiiions.    Tliat  most  commonly 

used  is  Gnmmiiig's.     For  all  mod ific.it ions  it  is  necessary  to  have 

combustion  flasks  of  Jena  glass  of  about  250  to  300  cc.  cai)acity,  and 

Ian  ordinary  distilling  apparatus  with  a  gixid  cooling  jacket  (see  Fig. 
iq,  C).  To  the  urine,  in  amount  varj-ing  from  5  to  20  cc.  according 
to  its  concentration,  are  added  15  cc.  of  pure  concentrated  sulphuric 
acid.  10  gms.  of  potassium  sulphate,  and  alKnit  1  gm.  of  copper  sul- 
phate. This,  supported  on  a  sheet  of  asbestos  gauxe,  is  then  Ixiiled 
over  a  free  flame  in  a  hood  with  a  good  draft  until  the  fluid  is  a  clear 
blue.  The  worker  should  be  careful,  if  it  is  necessary  to  wash  down 
"  SlettimM.  John*  HopVins  Ho«p,  Rep.,  voL  jtii.  1904. 
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the  carbon  from  ttie  sides  of  the  glass  by  shaking  the  fluid,  that  he 
does  not  burn  himself  with  this  exceedingly  hot  acid.  After  the  fluid 
is  perfectly  blue  the  heat  should  be  continued  for  a  few  minutes  or 
even  half  an  hour,  that  the  combustion  may  be  perfect.  Uric  acid 
and  other  bodies  are  perfectly  oxidized  only  after  at  least  hall  an 
hour's  further  heating  of  the  clear  fluid.  By  this  means  practically 
all  of  the  nitrogen  has  been  converted  into  ammonia,  and  is  hence 


Pi<i.  19.— UUtilling  apiaraiui  tot  nitrogen  dcterminalian  |Kicli!>hli.  A.  Dislillalion  flask;  B. 
wiety  bulb ;  C,  Liebig  coolel .  D.  Krlenmejer  flask  10  leciii  e  disilUle  and  conlaining  the  sundatd  acid  ; 
£,  safety  bulb  10  prevent  back.flQw- 

present  as  ammonium  sulphate.  The  oxidation  may  be  aided  by 
adding  a  little  KMnO^.  The  fluid  i-;  allowed  to  cool  perfectly,  dis- 
tilled water  then  added  in  excess,  and  the  fluid  poured  into  a  distilling 
flask  (sec  Fig.  19.  A)  of  I  litre  capacity.  wit!i  long  neck  and  round 
bottom,  and  the  combustion  flask  well  washed  into  this  flask,  rinsing 
three  or  four  times.  Talcum  powder  or  zinc  granules  may  be  added 
to  prevent  bumping.    An  amount  of  strong  sodium  hydroxide,  specific 
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vity  IJ30,  found  by  previous  cxpcrirncnis  sufficicm  to  more  than 
neutralize  the  acid,  i:^  iiuw  added  and  tlie  llask  at  unce  tilted  to  tlie 
Licbig  cooler.  The  lower  end  of  this  cooler  eiids  in  a  l>em  tube  which 
ertically  descends  to  the  l)ottoni  oi  a  small  lirleiimcyer  flask.  D, 
01  .ib<>til  300  cc.  capacity,  in  which  have  been  ))iit  prcviiinsly  just  50  cc. 
of  fourlli-nornial  H3SO,.  In  the  subsecnienl  (list illation,  therefore, 
all  ihc  ammonia,  which  will  he  given  off  at  once  in  the  culd  and  the 
rest  on  boiling,  bubble:^  through  this  acid  and  is  thus  caught.  The 
distillation  is  cimliiuied  until  alx)ul  100  cc.  of  distillate  have  passed 
over,  but  the  boiling  should  never  be  ton  vigorous,  and  the  apparatus 
watched  to  he  sure  no  aci<l  spurts  inli)  the  cooler;  hence  the  vertical 
lube  has  a  safciy-bulb.  R.  to  pre\'ent  this.  The  Erieiimeyer  Hask 
may  then  be  towered  and  the  distillate  tested  with  lacmoid  paper,  to 
m.ike  sure  that  the  ammonia  has  entirely  passed  over.  The  acid  cling- 
ing to  the  end  of  the  tul>e  is  wafihed  into  the  Hask.  Thi.s  sulphuric 
acid  is  then  titrated  against  fourth-nonual  XaOII,  using  cochineal. 
methyl  orange  or  pure  lilnuis  as  indicator.  There  can  he  no  doubt 
that  the  pure  litmus  is  tlie  best  if  the  necessary  precautions  are  used. 
The  most  convenient  is  cochineal,  which  can  be  used  in  artificial  light 
as  well,  and  ].s  sufficiently  correct  for  ordinary  work.  ('Hie  cichineal 
bugs  are  ground  finely  and  extracted  with  50  per  cent,  alcohol.  The 
filtered  extract  is  used  as  indicator,  |  From  the  50  cc.  are  subtracted 
the  nmulKT  of  cubic  centimetres  of  fourtli-nomi.il  NaOH,  and  the  dif- 
■  fcrcnce  indicates  the  aniuunt  of  fourth-normal  H^SO,  neutralized  by 
ammonia.  This  value  multiplieil  by  0.0035  S"^*-  would  ecpial  in 
amnics  tlie  weight  t>f  nitrogen  in  the  amount  of  urine  used. 

(Note. — This  method  does  not  indicate  nitrates  or  nitro-com- 
■unds,  > 

For  the  relation  between  carbon  and  nithocen.  see  Richard- 
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Ur«a  is  (he  chief  nitnigcnnus  body  of  the  urine  and  the  one  which 
until  recently  has  attracted  most  attention.  The  niethndN  em|itoyed 
to  ilctermine  it  (  Liehig's.  Hhfner's)  have  not  given  perfectly  correct 
results,  the  first,  in  f.ici.  giving  a  fair  nitrogen  deienuination.  and  the 
second,  a  fairly  correct  in  some,  a  very  incorrect  result  in  oilier  cases; 
hence  among  the  figures  reported  in  such  mass  many  must  be  erro- 
leous. 


The  ammml  "f  urea  at  an   hulrx  of  nilroRcn  mdabotifiii  lias  been  iiied  ai  » 
»%l   of   llic   digeition.      In   thi*   ca>e  a   meal   containing  an  cxccm   of   nitroRen   ii 
ven.  for  illimraiion.  ;oo  gms,  of  mcai.  ciglii  thu*.  «nd  200  gmi.  o(  brtad:   during 
hit  and  (he  folliminK  il;iy   at  kail  50  cm"   of  iirca  ihoiild  lie  excreted. 

The  amount  of  urea  excreted  by  a  normal  jierson  on  an  average 
"Am,  Jour  Med  Sti ,  1902.  vol.  cxxiv. 
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diet  varies  from  20  to  40  gms.,  more  in  the  case  of  men  than  of 
women.  On  a  poor  diet  it  may  be  from  15  to  20  gms.,  while  on  a 
very  rich  diet  figures  as  high  as  100  gms.  in  twenty-four  hours  have 
been  reported.  In  general  it  may  be  said  that  for  a  vigorous  person 
on  an  average  diet  about  30  gms.  may  be  expected;  for  an  invalid, 
about  20  g[ms. 

In  general  the  amount  of  urea  is  parallel  to  that  of  the  nitrogen. 

The  urea  may  be  diminished  because  the  nitrogen  is  diminished, 
or  is  excreted  in  other  forms,  particularly  as  ammonia;  for  by  far  the 
most  of  urea  passes  through  the  ammonia  stage,  and  one  of  the  most 
important  functions  of  the  liver  is  that  of  changing  the  ammonia  to 
urea;  hence  in  certain  cases  of  liver  disease  the  output  of  urea  dimin- 
ishes and  that  of  ammonia  increases,  constituting  even  50  to  60  per 
cent,  of  the  total  nitrogen  {see  page  115).  It  is  true,  however,  that 
in  other  cases  with  marked  gross  lesion  of  the  liver  the  percentage 
is  about  normal.  Again;  the  nitrogen  may  be  eliminated  as  ammonia 
because  of  acids  ingested  or  formed  within  the  body  and  neutralized 
by  it  to  protect  the  mineral  alkali ;  hence  it  is  withdrawn  from  urea 
formation.  Such  is  true  in  diabetes  and  in  cachexia,  in  which  there 
is  a  disturbance  of  the  carbohydrate  absorption  or  use,  thus  forcing 
the  body  to  use  only  the  pure  proteid  of  food  or  tissues, — that  is,  an 
acid  producing  diet. 

A  few  words  may  at  this  poini  be  said  concerning  the  origin  of  urea.  Its 
sources  are :  the  direct  hydrolysis  of  albumin,  in  which  case  among  (he  precursors 
of  urea  have  been  found  creatin.  lysatin,  and  arginin,  Drechsel  claiming  that  lo  per 
cent,  of  the  urea  may  have  this  source ;  it  may  be  formed  from  amido-acids.  leu- 
cine, glycocoll,  asparaginic  acid,  as  proved  by  the  isolated  liver,  but  how  much 
this  occurs  in  the  body  cannot  be  said.  The  great  mass  of  urea  is  certainly  formed 
from  ammonia  salts  changed  by  the  liver  (o  urea.  Amido  acids,  earbamie  acids, 
and  ammonium  carbonate  are  probably  ihe  early  stages  in  (his  process.  Carbamic 
acid  has  been  proved  in  the  urine  of  man  after  (he  inges[ion  of  large  amounts  of 
milk  of  lime  (Abel  and  Muirhead),"  and  is  probably  a  constitueni  of  normal  urine. 
These  ammonia  compounds,  when  not  excreted,  probably  produce  toxic  symp(oms, 
since  (heir  direct  injection  or  their  increase  in  ihe  blood  in  a  dog  with  an  Eck  fis- 
tula is  followed  by  such  symptoms.  And,  lastly,  the  possibility  of  an  oxidation  syn- 
thesis has  been  proved  by  Hotmeister.  The  liver  is  (he  only  organ  which  has  been 
proved  lo  have  this  so-called  function  of  neutralizing  ammonia  :  that  is,  of  changing 
a  (osic  end-product  into  a  harmless  one.  In  meti  with  liver  cirrhosis,  acute  yellow 
atrophy,  and  in  phosphorus  poisoning,  from  50  to  60  per  cent,  of  the  nitrogen  has 
been  found  as  ammonia.  In"  other  cases,  however,  there  is  a  normal  percentage. 
It  is  true  that  in  all  such  cases  the  possibility  of  the  increase  or  formation  of  an 
acid  may  be  sufficient  to  txplain  this  output  of  ammonia. 

That  urea  represents  nitrogen  needlessly  consumed,  hence  that  practically  the 
whole  animal  kingdom  overeats,  we  are  not  yet  ready  to  believe. 

Estimation  of  Urea. — Since  urea  is  one  of  the  bodies  most 
mfluencing  the  specific  gravity,  an  approximate  estimate  may  be 
formed  from  this,  but  due  allowance  must  Ije  made  for  chlorides. 

"  Arch,  f.  Exp.  Path,  und   Pharm..  vol,  xxxi. 
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Vic  jd,— Hcini  moditficAtion  ol  Hiirncr  Appvralua  for  urea  dtt^nnt  nation.    A » bulb;  S.  ^nduAicd 
lube  Ld  collect  and  meaaure  the  nitrogien  ;  C.  tube  for  urine;  D,  stopcock. 

Hiifner's  Method. — This  method  has  been  tlie  most  popular,  and 
even  now  it  can  do  very  useful  service;  it  depends  on  the  decompo- 
sition of  urea  by  sodium  hypobromite,  and  the  collection  and  deter- 
mination of  the  volume  of  nitrogen  thus  liberated.  The  method  is  not 
accurate  {see  page  106).  The  simplest  apparatus  used  is  the  Doremus 
tube  shaped  hke  the  above  figure,  but  without  side  tube  and  foot.  The 
urine  is  measured  in  a  i  cc.pipettewith  rubber  bulband  bent  end.  This 
is  dinist,  when  filled  exactly  to  the  mark  with  urine,  intothehendof  the 
tube,  mouth  upward,  and  the  urine  slowly  and  steadily  expressed  into 
the  urine.  The  tube  is  so  tilted  that  all  the  gas  will  collect  in  the  long 
tube.  It  must  be  remembered  that  an  error  of  one  drop  in  the  amount  of 
urine  means  an  error  of  6  per  cent,  in  tliat  of  urea.  The  Hiifner  appa- 
ratus allows  of  a  very  accurate  estimation  of  the  amount  of  urine  used, 
a  greater  accuracy  that  the  method  justifies.     Sincethe  errorinherent  in 
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Until  recently  by  "  degree  of  acidity"  was  understood  the  amount 
of  hydrogen  which  couid  be  replaced  by  the  metal  of  an  alkaline  solu- 
tion (NaOH),  regardless  whether  these  hydrogen  ions  were  already 
dissociated  or  couid  be  substituted  by  the  alkali.  Now  is  meant  the 
absolute  number  of  dissociated  H-ions  per  one  litre  of  urine.  The 
latter  contribution  of  the  physical  chemists  is  interesting,  indeed,  but 
of  little  value  to  the  clinician.  Judged  by  this,  urine  is  only  about 
thirty  times  as  acid  as  distilled  water,  and  only  about  one  ten-thou- 
sandth as  acid  as  titration  would  indicate,  and  the  difficulties  of  its 
determination  rule  this  out  from  clinical  methods.  The  titration 
method  alone  is  possible  for  general  use,  and  the  question  arises  if  its 
results  are  of  any  real  value  or  simply  of  an  empirical  arbitrary  value. 
Hober'*  claims,  as  the  result  of  parallel  estimations,  that  these  two 
"  acidities"  vary  sometimes,  often  perhaps,  in  a  very  independent 
manner,  hence  variations  in  each  would  have  different  values,  and 
neither  method  would  be  able  to  replace  the  other.  The  question, 
therefore,  is.  Does  the  titration  method  give  results  valuable  enough 
to  repay  the  time,  or  are  the  results  worse  than  useless  since  mislead- 
ing? The  difficulties  are  that  the  acidity  of  the  urine  in  the  common 
sense  of  the  term  depends  upon  a  considerable  number  of  chemical 
substances,  for  the  most  part  acid  salts,  and  hence  the  question  of 
color  indicator  is  a  very  serious  one.  since  the  points  indicated  by  the 
various  ones  as  the  neutral  point  differ  and  none  is  by  any  means  the 
theoretical  one.  Phenolphthalein  is  the  one  usually  used.  This  has  as 
practical  advantages  the  sharpness  of  its  end  reaction  and  the  fact 
that  of  the  indicators  it  is  itself  the  weakest  acid.  But  it  is  a  poor 
indicator  in  the  presence  of  ammonium  salts,  perhaps  the  worst. 
Whatever  results  are  obtained  with  it  must  be  given  not  an  absolute 
but  an  empirical  value.  Yet  the  opinion  of  those  working  in  this  line 
is  that  the  results  with  it  are  comparable. 

The  reaction  of  the  twenty-four-hour  amount  of  well-preser\'ed 
urine  is,  in  the  case  of  man,  always  faintly  acid  to  litmus,  a  degree 
corresponding  to  about  1.15  to  2.3  grammes  of  HO  for  twenty-four 
hours.  This  acidity  depends  chiefly  upon  the  diet,  and  is  greater  the 
more  the  proteid  oxidized.  The  urine  of  herbivorous  animals  is 
alkaline,  since  the  organic  acids  of  their  food  are  oxidized  to  alkaline 
carbonates,  yet  if  starved,  acid,  since  then  their  tissue  proteid  is  their 
diet.  A  man  on  a  vegetable  diet  will  have  a  less  acid,  or  amphoteric 
urine  perhaps,  from  this  increased  ingestion  of  alkali- forming  foods. 
In  no  case  is  there  free  acid  in  the  urine,  the  acidity  being  due  to  acid 
salts,  and  particularly  diacid  sodium  phosphate.  There  are  many  other 
acids  produced  in  the  oxidation  of  proteids  themselves  neutral. 
Among  these  are  sulphuric,  phosphoric,  uric,  hippuric,  oxalic,  and  the 

"  Hofmeister's  Bcitr.,  1903,  vol,  iii,  p.  525, 
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Eoxyaromatic  acids.  Jusl  wliat  part  these  play,  however,  caiiiioi  l)e 
[.decided,  but  certainly  uric  acid  i-i  no  factor,  since  its  SDlution  is  neutral 
|lo  liinius. 

A  constant  acidity  has  been  found  only  after  and  during  a  period 
of  star\-ation. 

X'^ariations  in  the  reactirm  arc  due  to  tlie  diet,  as  mentioned  alx)ve. 
The  acidity  is  highest  in  the  morning  liefore  breakfast  and  lower  a 
few  hours  ,'»fter  each  meat,  and  «s]>ecially  in  the  forenoon,  due  lo  the 
secretion  of  hydrochloric  acid  of  the  jpstric  juice.  For  a  short  time, 
two  to  four  hours,  after  a  meal  ihe  urine  ntay,  indeed,  be  alkaline  when 
freshly  voided  and  turbid  with  sediment  nf  the  phosphates  of  the 
alkaline  earths,  a  condition  known  as  "  phosphatnria."  N'onnally  this 
diminished  acidity  or  even  alkalinity  of  ilie  "  alkaline  tide"  diminishes 
after  a  meal  during  the  time  the  hydrochloric  acrd  is  reabsorbed. 

pHOSPHATL'Rl.^  IS  the  tcmi  formerly  given  to  3  symptom-complex 
with  a  heavy  precipitate  of  the  earthy  phosphates  in  the  freshly  voided 
urine,  yet  without  the  formed  e!cnicnt.s  which  would  indicate  a  lesion 
of  the  tract,  and  sHpt)Ose<l  to  be  due  to  an  increased  output  of  this  acid. 
Oiemically.  however,  there  is  no  increase,  and  what  is  more  impor- 
tant, ofien  a  decrease,  and  the  name  "  alkahniiria"  is  more  suitable. 
Such  cases  are  due:  first,  to  a  diet  which  raises  the  alkalinity  of  the 
blood,  as  a  vegetable  one;  in  gastric  tliscascs.  with  considerable  loss 
of  hydriKhloric  acid  to  the  Iwdy  through  hyiwrsccretion  with  motor 
insufficiency  and  vomiting  or  lavage,  perhaps  diarrhoea  also;  and 
es[>eci.illy  as  a  symptom  of  neurasthenia  (Peycr)  without  any  of  the 
alx>ve-mcntioned  causes.  In  such  a  case  during  the  periods  of  neuras- 
thenia has  been  found  a  diminution  in  the  phosphoric  acid  lo  about 
half,  but  an  increased  calcium  output.  The  nitrogen  was  also  de- 
creased. It  seems  to  be  thecNcess  o(  calcium  relative  to  the  phosphoric 
acid  which  leails  lo  the  precipitation.  In  Soetheer  and  Krieger's 
case  the  phosphoric  acid  was  practically  normal,  the  calcium  increased 
even  to  0.7  gin.  a  day  (nnnnal  0.2)  and  Ca  :  P,Ob  ::  i  :  1.5  to  2 
t<iK>rmaIIy  1  :  12),  In  certain  cases'*  there  seem  to  be  during  the 
period  of  phosphaturia  symptoms  referable  to  this  abnormal  met.ibo- 
lism.  and  rehcf  with  its  disapjusirance.  but  perhaps  cmnected  more 
with  the  change  of  calcium  metaholism  than  of  phosphoric  acid.  In  one 
case  the  calcium  was  increased  over  three  times,  perhaps  the  result  of 
catarrh  of  the  colon.  It  ocairs  also  in  persons  after  sexual  excesses. 
and  in  the  depression  following  psychical  exaltation,  in  which  cases  the 
caiL*:e  is  not  known,  hut  a  nervous  control  suspected.  Freudenberg  " 
carries  this  10  an  extreme,  separating  phosphaturia.  latent  phospha- 

"Socibecr  and  Krie^r.  Dent  Arcli  f.  klin.  Med.  tgoa,  vol.  Ixxti.  p.  553; 
PaieW.  M.  J.,  vol   XXX- 

"  Dcultrh.  med.  Wochenschr.,  September  tj.  1903, 
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turia  (in  which  the  precipitate  appears  on  heating  the  fresh  urine), 

and  ammonuria  (tested  by  moist  litmus  over  the  mouth  of  a  tiilx 
of  heated  urine),  three  ffrades,  he  thinks,  of  the  same  abnormality,  and 
which  he  found  in  sexual  neurasthenics  especially,  not  in  patients  with 
hysteria.  It  is  often  found  among  mental  cases  (Heinicke).  Some 
few  cases  with  general  symptoms  have  really  increased  phosphoric  acid 
as  their  only  objective  sign;  later,  perhaps,  polyuria  or  glycosuria. 
Senator  suggests  that  some  cases  of  diabetes  insipidus  with  rather  high 
specific  gravity  may  belong  here. 

The  reaction  of  the  urine  can  l>e  much  modified,  even  made  alka- 
line, by  drugs,  particularly  by  alkaline  salts  in  large  doses.  Milk  of 
lime  will  give  an  alkaline  urine  due  to  the  presence  of  ammonium 
carbamate  (Abel).  While  a  transudate  is  quickly  absorbed,  the  urine 
may  become  alkaline;  also  after  hemorrhage  of  the  intestine,  in  which 
case  the  blood  salts  are  absorbed.  It  is  alkaline  in  certain  cases  of 
pneumonia,  typhoid  fever,  and  diseases  of  the  central  nervous  system. 
We  have  noted  a  marked  alkalinity  in  certain  cases  of  nephritis, 
particularly  of  the  severe  chronic  parenchymatous  form  with  much 
cedema,  which  renders  the  examination  of  casts  difficult.  The  urine  is 
also  alkaline  when  there  are  alkaline  secretions  and  exudates  of  the 
urinary  tract,  as  in  cases  of  cystitis  or  urethritis ;  and  lastly  in  alkaline 
fermentation  in  the  bladder. 

The  alkalinity  is,  of  course,  usually  due  to  the  changes  occurring 
after  the  urine  is  voided.  Bacteria  begin  at  once  to  break  the  urea 
up  into  ammonium  carbamate  and  carbonate.  For  this  some  suppose 
a  special  ferment. 

It  is  of  importance  to  determine  whether  the  alkalinity  be  due  to 
a  fixed  alkali  or  to  ammonia.  If  the  latter,  it  is  always  the  result  of 
bacterial  fermentation.  This  may  be  determined  by  wetting  red  litmus 
paper  in  the  urine  and  then  drying  it;  if  ammonia,  the  red  color  will 
return :  or  moist  litmus  paper  hung  in  the  mouth  of  the  bottle  will, 
if  much  ammonia  be  present,  turn  blue.  But  even  normal  urine  con- 
tains a  certain  amount  of  ammonia,  and  hence  the  paper  if  left  long 
enough  will  usually  blue  somewhat. 

The  acidity  of  the  urine  can  with  difficulty  be  increased,  and  not 
beyond  a  certain  point.  This  occurs  with  increased  proteid  metabo- 
lism. Cases  of  hyperacidity,  even  two  to  five  times  normal  fphenol- 
phlhalein  as  in<licator),  and  accompanied  by  symptoms  nf  cystitis,  pain 
esipecially  in  the  trigonal  region,  but  without  demonstrable  lesions  or 
assignable  cause,  are  reported  by  Brown  '"  in  cases  of  girls  and  yonng 
women  of  distinctly  neurotic  temperament.  He  suggests  that  it  is  a 
neurosis  nf  urinary  secretion.  The  urine  is  very  acid  in  diabetes 
mellitus  if  it  contains  considerable  oxybutyric  and  diacetic  acids.  The 
"  Phila.  Med.  Jour.  March  2.  1901 
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question  of  the  reaction  in  the  so-called  "  uric  acid  diathesis"  is  not 
yet  decided.  The  reason  that  it  is  so  difficult  to  increase  the  acidity 
in  the  case  of  man  is  that  the  body  will  protect  itself  against  an  acid 
intoxication  by  an  increased  excretion  of  ammonia,  thus  protecting  its 
native  mineral  alkaline  store  from  depletion.  This  ability  is  present 
in  the  herbivora  to  a  much  less  extent,  and  hence  they  are  more  easily 
poisoned  by  acids  than  is  man. 

The  effect  of  muscular  work  on  the  urine  reaction  is  still  un- 
settled. As  the  urine  decomposes,  in  some  cases  after  six  to  twelve 
hours  of  standing,  it  becomes  more  acid,  the  so-called  "  acid  fermenta- 
tion." The  reason  of  this  is  uncertain.  It  is  inconstant  and  is  always 
soon  succeeded  by  an  alkaline  decomposition.  Hammarsten  considers 
it  due  to  the  reaction  between  the  biurates  and  MHi,P04. 

Detekminatiom  of  the  Total  Acidity  of  the  Urine. — Naegcli  "  advised  to 
add  the  N/loNaOH  directly  to  lo  cc.  of  urine,  phenolphthalein  used  as  indicator. 
The  error  is  at  least  4  to  8  per  cent. 

Folin  "  uses  potassium  oxalate  in  excess  to  rule  out  the  error  from  ammonium 
salts  and  calcium  phosphate. 

Twenty-five  cubic  centimetres  of  urine  are  measured  by  a  pipette  into  a  aoo-cc. 
Erienmeyer  flask,  one  or  two  drops  of  0.5  per  cent,  phenolphthalein  solution  added, 
and  15  to  20  gms.  of  potassium  oxalate.  The  flask  is  shaken  well  for  one  minute, 
then  at  once  titrated  with  N/ioNaOH. 

(For  the  Freund  method,  see  page  129.) 

THE    NITROGENOUS   BODIES 

The  Nitrogen  Output. — The  total  nitrogen  of  the  urine  is  the 
best  index  of  proteid  metabolism.  It  is  fortunate  that  for  this,  our 
stand-by  in  metabolism  work,  we  have  a  satisfactory  method  of  deter- 
mination. The  same  cannot  be  said,  however,  of  the  several  nitro- 
genous bodies. 

In  the  normal  adult  on  ati  average  diet  the  total  nitrogen  output 
is  from  10  to  16  gms.  per  day. 

According  to  Hammarsten  this  is  distributed  about  as  follows: 

Adull.  Infant, 

Per  Cent.  Per  Cent. 

Urea    84  lo  gi  73     to  ;6 

NHi    2  to    5  7.8  to    9.6 

Uric  acid    i  to    3  3     to    8.5 

Extractives    7  to  12  7.3  to  14.7 

The  sum  of  the  nitrogens  of  urea  and  amiuonia  bears  a  very 
constant  relation  to  total  \  ( 9 1  to  93  per  cent. ) .  a  much  more  constant 
one  than  does  either  alone.'" 

"  Zeitschr.  f.  physiol.  Chem..  igoo,  xxx.  313. 
'•.■\m.  Jour.  Physiol..  1903,  ix,  265. 
"Folin.,  Am.  Jour.  Insan.,  1905. 
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In  general  the  total  nitrogen  is  increased  as  a  result  of  increased 
proteid  metabolism,  a  heavy  proteid  meal,  or  anything  increasing  body 
proteid  catabolism.  Less  is  excreted  on  a  diet  rich  in  carbohydrates 
than  even  while  fasting,  since  in  the  latter  case  the  body  lives  on  its 
tissue  proteid.  The  output  reaches  its  maximum  a  few  hours  after 
a  heavy  proteid  meal.  The  evidence  given  that  exercise  increases  the 
output  is  in  part  that  the  amount  excreted  during  the  day  is  to  the 
amount  excreted  at  niglit  as  3  :  2.  We  hardly  think  that  this  alone  is 
sufficient  evidence,  for  it  has  been  only  too  well  sliown  by  studies  of 
the  day  and  night  urine  that  normally  the  kidneys  can  rest  at  night  as 
well  as  the  rest  of  the  body.    Hot  baths  increase  the  nitrogen  output. 

With  increase  of  water  excretion  that  of  nitrogen  also  is  increased. 
This  latter  point  is  important,  for  even  when  the  diet  is  fairly  constant, 
if  by  any  reason  the  amount  of  urine  be  increased,  the  nitrogen 
also  will  rise.  One  explanation  given  is  that  the  renal  cells  are  always 
stored  with  a  certain  amount  of  nitrogenous  waste  which  the  water 
constantly  removes;  others  say  that  the  many  tissue  ferments,  follow- 
ing tlie  general  law  of  ferments,  act  better  in  dihite  solution. 

Pathologically  nitrogen  is  increased:  in  fever,  owing  not  to  the 
temperature  per  sc.  but  more  likely  to  the  effect  upon  metabolism  of  the 
toxines  causing  the  fever, — excepting  acute  nephritis  causing  dropsy 
and  those  with  diarrhcea  or  with  large  exudates;  in  cachexia,  in 
which  cases  tliere  is  a  more  rapid  breaking  down  of  tissue  proteid;  in 
diabetes,  since  even  with  a  mixed  diet  such  patients  live  on  almost 
pure  proteid  from  food  and  tissues;  after  various  poisons,  as  arsenic, 
antimony,  phosphorus,  and  other  protoplasm  poisons;  and  anything 
diminishing  the  oxygen  intake,  as  prolonged  dyspncea,  hemorrhage, 
carbon  monoxide  poisoning,  etc.  During  the  resolution  of  a  pneu- 
monic exudate  its  digestion  and  excretion  can  be  well  followed  by  the 
nitrogen  of  the  urine,  and  the  amount  of  lung  cleared  estimated.  In 
a  case  of  Miiller's  the  excess  of  nitrogen  output  during  the  resolution 
was  28  gms.,  which  represented  800  gms.  of  exudate.  The  continued 
large  output  in  cases  of  delayed  resolution  would  indicate  a  continuous 
process,  a  "  chronic  pneumonia,"  rather  than  a  failure  to  resolve. 
Cook  '"  followed  a  few  such  cases,  in  one  of  which,  with  one  lung 
involved,  the  nitrogen  output  would  represent  the  exudate  of  four 
solid  lungs. 

In  much  of  the  work  on  metabolism  the  urea,  not  nitrogen,  has 
been  followed,  and  by  methods  which  determine  really  more  the  total 
nitrogen,  as,  for  instance,  Liebig's,  or  which  are  quite  faulty,  as 
Hiifner's. 

By  combining  the  findings  of  these  two  lines  of  work,  to  the 
above  may  be  added  that  in  general  anything  increasing  proteid 
"Johns  Hopkins  Hosp.  Bull.,  December.  1902,  p.  307. 
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C3UlM)Ii«n  increases  tlic  nitrogen.  Again,  anytliing  increasing  the 
water  output  wiil  increase  tlie  nitnoyen.  as.  fur  instance,  in  dialjctca 
insipidus  (in  which  disease  13U  gins,  of  urea  have  been  reported; 
and  cases  of  chronic  ncpliritis  with  jioiytiria.  Again,  the  nitrogen  is 
increased  when  exudates  or  tran-^mlatcs  arc  alisorl)c(i. 

Retention  of  nitrogen  occurs  in  a  person  gaining  weight,  in  myxre- 
dema.  in  the  c<in\'alescenoe  of  fevers.  In  one  case  of  convalescent 
typhoid  (Liithje)  the  record  was  reached,  in  twenty-sJx  days  the 
person  retaining  I2t.,i8  gins,  of  N,  which  won!<l  represent  758.6  gms. 
of  albumin  or  35(>S.6  gins,  of  muscle.  The  person  gained  6490  gms. 
in  weight.  This  retention  of  water  and  nitrogen  is  well  seen  in  the 
last  of  pregnancy,  and  is  followed  hy  a  diuresis  and  increased  nitrogen 
output,  which  Ij^ins  ahout  the  second  day  of  the  pucqicrinm  and  lasts 
alxjiit  two  weeks." 

The  anionnt  considered  normal,  ro  to  16  gms.  per  lUiy,  is  this  high 
because  wc  tit  almost  twice  too  much.  Vegetarians  can  accustom 
themselves  to  a  5  to  6  gms.  output  and  even  then  store  up  nitrogen. 

The  amount  excreted  is  diminished  physiologically  by  a  poor  diet, 
ami  especially  by  one  rich  in  carbohydrate;  when  the  water  is  reduced 
as  a  result  of  free  sweating,  etc.:  in  pregnancy:  and  by  small  doses 
of  quinine.  Pathologically,  it  may  be  diminished  by  a  diminished 
absorption  of  the  proteid  in  the  intestine:  or  the  oxidation  in  the 
body  niay  lie  at  low  ebb.  as  in  cases  of  very  reduced  vitality,  and 
at  the  end  of  acute  fevers.  The  diminution  m.iy  rcsuh  from  the  re- 
temi<m  <if  Ixxlics  which  should  Iw  excreted,  as  in  cases  of  dropsy. 
exudate  or  transudate  formation,  also  when  there  is  .i  very  iunall 
water  output:  or  there  may  be  an  inability  to  excrete,  as.  for  instance, 
in  a  severe  nqihriiis  in  which  the  drop  in  urea  may  l>e  one  of  the  first 
serious  symptoms  heralding  the  onset  of  uraemia.  This  inability  to 
excrete  is  also  seen  in  mere  functional  disturbances  of  the  kidneys; 
also  bcfi>re  death  due  to  any  cause.  In  some  cases  it  may  be  mani- 
Cested  by  the  nren  frost,  the  urea  crystallizing  nn  the  skin. 

Estimation  of  Nitrogen — The  Kjcldahl  method  is  quite  uniformly 
[.ljse*l.  Of  this  there  are  several  modifications.  That  most  commonly 
nsed  is  Gtimming's.  For  all  modifications  it  is  necessary  to  have 
cnmlmstion  flasks  of  Jena  glass  of  alwut  250  to  300  cc.  caiiacity.  and 
an  ordinary  distilling  apparatus  with  a  good  cooling  jacket  (see  Fig. 
19.  C).  To  the  urine,  in  amount  varying  from  5  to  20  cc.  acconling 
to  its  concentration,  arc  added  15  cc.  of  pure  concentrated  sulphuric 
acid,  to  gms.  of  potassium  sulphate,  and  about  i  gm.  of  copper  sul- 
phate. This,  supported  on  a  sheet  of  asbestos  gauze,  is  then  lK)ilcd 
over  a  free  flame  in  a  hood  with  a  good  <lr:tft  until  the  fluid  is  a  clear 
Muc.  The  worker  should  be  careful,  if  it  is  necessary  to  wash  down 
"Slemon*,  Jolui*  Hopkins  Hosp.  R«p,,  vol.  xii.  1(104 
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the  carbon  from  tiie  sides  of  the  glass  by  shaking  the  fluid,  that  he 
does  not  bum  himself  with  this  exceedingly  hot  acid.  After  the  fluid 
is  perfectly  blue  the  heat  should  be  continued  for  a  few  minutes  or 
e^en  half  an  hour,  that  the  combustion  may  be  perfect.  Uric  acid 
and  other  bodies  are  perfectly  oxidized  only  after  at  least  half  an 
hour's  further  heating  of  the  clear  fluid.  By  this  means  practically 
all  of  the  nitrogen  has  been  converted  into  ammonia,  and  is  hence 


Flo.  19.— Utstilliiig  apiaraiu^  lur  nitroxen  deleiminaiicin  IKjcldihl).  A.  DisIillBlion  flask;  B, 
IRfcly  bulb;  C,  Liebigcouler ,  D.  Kilenmeyer  flask  10  r«*iv«disliMale  Indconlaininjlhc  slandaid  acid; 
E,  saiely  bulb  10  prtveiil  back-fluw. 

present  as  jtmnionium  sulphate.  The  oxidation  may  be  aided  by 
adding  a  little  KMnO,,  The  fluid  is  allowed  to  cool  perfectly,  dis- 
tilled water  then  added  in  excess,  and  the  fluid  [xaircl  into  a  distilling 
flask  (see  Fig,  19,  A)  of  i  line  capacity,  with  long  neck  and  round 
bottom,  and  the  combustion  flask  well  washed  into  this  flask,  rinsing 
three  or  four  times.  Talcum  powder  nr  zinc  granules  may  be  added 
to  prevent  bumping.     .An  amount  of  strong  sodium  hydroxide,  specific 
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(jranty  1230,  found  by  previous  €X|)erimcni>  sufRcicnt  to  more  than 
neutralize  the  aci*l,  is  now  added  and  the  llask  m  once  fitted  lo  itie 
Liebig  cooler.  The  lower  end  of  this  cooler  ends  in  a  betU  tulie  which 
vertically  <lcsccii(ls  lo  the  btrtloni  of  a  small  Rrlcnmcyer  Hask.  D, 
Hi  abiHit  500  cc.  ca|ocily.  in  which  ha^e  hcen  init  prcviutisiy  just  50  cc. 
of  fourth-nornial  H3SO,.  In  the  subsequent  disiillaiitm,  therefore, 
all  the  ammonia,  which  will  be  given  off  at  nncc  in  ihc  cold  an<l  the 
rest  on  boiling,  bubbles  through  this  acid  and  is  thus  caught.  The 
distillation  is  c<»ntiniied  until  fihout  100  cc.  of  distillate  have  passed 
over,  but  the  Ixiiling  should  never  he  Inn  vigorous,  and  the  apparatus 
matched  to  be  sure  no  acid  s|nirts  into  llic  cooler:  hence  the  vertical 
tube  has  a  safeiy-bu!b.  B.  to  prevent  this.  The  Erlennicyer  flask 
may  then  be  lowered  and  the  distillate  tested  with  lacmoid  paper,  to 
make  sure  thai  the  ammonia  lias  entirely  passed  over.  The  acid  cling- 
ing to  the  end  of  the  tube  is  washed  into  the  flask.  This  snlpluiric 
acid  is  then  titrated  against  fourth-nnniial  N'aOH,  using  cochineal. 
methyl  orange  or  pure  litmus  as  indicator.  There  can  be  no  doubt 
that  the  pure  litmus  is  the  Iwst  if  the  necessary  precautions  are  used. 
The  most  convenient  is  ctK'hiucal.  which  can  be  used  in  artificial  light 
as  well,  and  is  siilllcientJy  c^'rrecl  for  ordinary  work.  (The  cochineal 
tnigs  are  ground  finely  and  extracted  with  50  per  cent,  alcohol.  Tlie 
filtered  extract  is  used  as  indicator.)  I'ri>ni  the  50  cc.  arc  subtracted 
ihe  niunWr  of  cubic  centimetres  of  fonrth-noniial  NaOH.  and  llie  dif- 
ference tndicatcs  the  amount  of  fourth-normal  H^SO,  neutralized  by 
ammonia.  Tliis  value  multiplied  by  0.0035  K"'^  would  e(|ual  in 
granuiies  the  weight  of  nitrogen  in  the  amouiil  of  urine  used, 

(Note, — This  method  docs  not  imiicatc  nitrates  or  nitm-com- 
poimds. ) 

For  the  relation  between  carbon  and  nithogen,  see  Richard- 
son." 

Urea  is  the  chief  nitrogenous  body  of  the  urine  and  the  one  which 
until  recently  has  attracted  mo.st  attention.  The  melhods  employed 
to  determine  it  (  Liebig' s,  Hiifncr's)  have  not  given  perfectly  correct 
result*,  the  first,  in  fact,  giving  a  fair  nitrogen  detennination.  and  the 
second,  a  fairly  correct  in  some,  a  very  incorrect  result  in  other  cases; 
hence  among  the  figures  rejMirted  in  such  mass  many  must  be  erro- 
netius. 

Th«  amotim  of  iirca  a'  an  Indrv  nf  nitrojicn  inctaboliMn  lias  been  mcd  as  a 
tea  nf  t)t«  HigiMiion.  In  thii  ea^  a  mcnl  conr.iining  an  cxocu  r>f  nitrogvn  i) 
gi%en.  fur  illuMratinn,  500  gm!,  nf  meat,  cisht  CKits.  and  ioa  girn.  of  bread;  during 
ihi*  and  tli«  folli'iiing  day  ut  leati  50  gm«,  of  iircn  tboiilH  he  rxrrcicd. 

The  amount  of  urea  excreted  hy  a  normal  person  on  an  average 
"Am.  Jour.  Mc<i.  Sci..  190a,  voL  cxxJv. 
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diet  varies  from  20  to  40  gms.,  more  in  the  case  of  men  than  of 
women.  On  a  poor  diet  it  may  be  from  15  to  20  gms.,  while  on  a 
very  rich  diet  figures  as  high  as  100  gms.  in  twenty-four  hours  have 
been  reported.  In  general  it  may  be  said  that  for  a  vigorous  person 
on  an  average  diet  about  30  gms.  may  be  expected ;  for  an  invalid, 
about  20  gms. 

In  general  the  amount  of  urea  is  parallel  to  that  of  the  nitrogen. 

The  urea  may  be  diminished  because  the  nitrogen  is  diminished. 
or  is  excreted  in  other  forms,  particularly  as  ammonia ;  for  by  far  the 
most  of  urea  passes  through  the  ammonia  stage,  and  one  of  the  most 
important  functions  of  the  liver  is  that  of  changing  the  ammonia  to 
urea ;  hence  in  certain  cases  of  liver  disease  the  output  of  urea  dimin- 
ishes and  that  of  ammonia  increases,  constituting  even  50  to  60  per 
cent,  of  the  total  nitrogen  (see  page  115).  It  is  true,  however,  that 
in  other  cases  with  marked  gross  lesion  of  the  liver  the  percentage 
is  about  normal.  Again;  the  nitrogen  may  be  eliminated  as  ammonia 
because  of  acids  ingested  or  formed  within  the  body  and  neutralized 
by  it  to  protect  the  mineral  alkali ;  hence  it  is  withdrawn  from  urea 
formation.  Such  is  true  in  diabetes  and  in  cachexia,  in  which  there 
is  a  disturbance  of  the  carbohydrate  absorption  or  use,  thus  forcing 
the  body  to  use  only  the  pure  proteid  of  food  or  tissues, — that  is,  an 
acid  producing  diet. 

A  f«w  words  may  at  this  point  be  said  concerning  the  origin  of  urea.  Its 
sources  are :  ihe  direct  hydrolysis  of  albumin,  in  which  case  among  the  precursors 
of  urea  have  been  found  creatin.  lysatin,  and  arginin,  Drechsel  claiming  that  lo  per 
cent,  of  the  urea  may  have  this  source ;  it  ttiay  be  formed  from  amido-acids,  leu- 
cine, glyeocoll,  asparaginic  acid,  as  proved  by  the  isolated  liver,  but  how  much 
this  occurs  in  the  body  cannot  be  said.  The  great  mass  of  urea  is  certainly  formed 
from  ammonia  salts  changed  by  the  liver  to  urea.  .Aniido  acids,  carbamk  acids, 
and  attimonium  carbonate  are  probably  the  early  stages  in  this  process.  Carbamic 
acid  has  been  proved  in  the  urine  of  man  after  the  ingestion  of  large  amounts  of 
milk  of  lime  (Abel  and  Muirhead),^  and  is  probably  a  constituent  of  normal  urine. 
These  ammonia  compounds,  when  not  excreted,  probably  produce  toxic  syniptoros, 
since  their  direct  injection  or  their  increase  in  the  blood  in  a  dog  with  an  Eck  fis- 
tula is  followed  by  such  symptoms.  And,  lastly,  the  possibility  of  an  oxidation  syn- 
thesis has  been  proved  by  Hofmeister.  The  liver  is  the  only  organ  which  has  been 
proved  to  have  this  so-called  function  of  neutralizing  ammonia  ;  that  is,  of  changing 
a  toxic  end-product  into  a  harmless  one.  In  men  with  liver  cirrhosis,  acute  yellow 
atrophy,  and  in  phosphorus  poisoning,  from  50  to  60  per  cent,  of  the  nitrogen  has 
been  found  as  ammonia.  In"  other  cases,  however,  there  is  a  normal  percentage. 
It  is  true  that  in  all  such  cases  the  possibilily  of  Ihe  increase  or  formation  of  an 
acid  may  be  sufficient  to  fexplain  this  output  of  ammonia. 

That  urea  represents  nitrogen  needlessly  consumed,  hence  that  practically  the 
whole  animal  kingdom  overeats,  we  are  not  yet  ready  lo  believe. 

Estimation  of  Urea. — Since  urea  is  one  of  the  bodies  most 
influencing  the  specific  gravity,  an  approximate  estimate  may  be 
formed  from  this,  but  due  allowance  must  be  made  for  chlorides. 

"  Arch,  f,  Exp.  Path,  imd  Pharm,.  vol,  xxxt. 
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Pic,  n.— Heini modlfirallon  ol  HOIner  ilpp«r«UB  (or urea  deteniiin»lion.    A. bulb;  B.  graduBled 
tube  locollecc  and  meuuretfae  nilrogen  ;  C.  tube  for  urine  j  D.  stopcock . 

Hiif Iter's  Method. — This  method  has  been  the  most  popular,  and 
even  now  it  can  do  very  useful  service;  it  depends  on  the  decompo- 
sition of  urea  by  sodium  hypobromite,  and  the  collection  and  deter- 
mination of  the  volume  of  nitrogen  thus  lilierated.  The  method  is  not 
accurate  (see  page  106).  The  simplest  apparatus  used  is  the  Doremus 
tube  shaped  tike  the  above  figure,  but  without  side  tube  and  foot.  The 
urine  is  measured  in  a  i  cc.  pipettewith  rubber  biilband  bent  end.  This 
is  tbnist,  when  filled  exactly  to  the  mark  with  urine,  intotbebendof  the 
tube,  mouth  upward,  and  the  urine  slowly  and  steadily  expressed  into 
the  urine.  The  tube  is  so  tilte<l  that  all  the  gas  wil!  collect  in  tlie  long 
tube.  It  must  be  remembered  that  an  error  of  one  drop  in  the  amount  of 
urine  means  an  error  of  6  per  cent,  in  that  of  urea.  The  Htifner  appa- 
ratus allows  of  a  very  accurate  estimation  of  the  amount  of  urine  used, 
a  greater  accuracy  that  the  method  justifies.    Since  the  error  inherent  in 
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the  method  is  so  great,  and  the  Hiifner  apparatus  large  and  expensive 
to  use,  we  recommend  the  Heinz  modification  of  the  Doremus  tube, 
which  is  simple,  easy  to  use,  and  a  sufficiently  accurate  ai)pIication  of 
this  method.  The  tube  (see  Fig.  20,  B)  is  filled  to  the  prescribed 
mark  with  a  solution  of  sodium  hydroxide  which  contains  100  gms. 
per  400  cc.  To  this  is  added  i  cc.  of  bromine  and  the  fluids  mixed. 
It  is  then  diluted  with  water  until  the  vertical  tube  and  the  elbow  are 
filled.  Tliis  means  a  dilution  of  about  one-half.  The  hypobrpmite 
solution  may  also  be  made  as  follows  (Rice):  Sol.  a. — NaOH,  100 
gms.  dissolved  in  250  cc.  of  water.  Sol.  b. — Bromine,  1  part;  KBr, 
I  part ;  water,  8  parts.  Mix  in  equal  parts  at  time  of  test.  The  small 
side  tube  C  is  then  filled  with  urine.  This  is  graduated,  and  one  or 
more  centimetres  may  be  introduced  into  B.  The  large  tube  is  gradu- 
ated, and  after  all  the  gas  has  formed  and  risen  and  the  foam  subsided 
a  direct  reading  of  grammes  of  urea  per  cubic  centimetre  may  be  made. 
The  changes  in  \'olume  of  gas  due  to  temperature  should  be  con- 
sidered. This  method  is  based  on  the  formula  CO(NHi)j  +  3NaO- 
Br  =  3NaBr  +  K^  +  zHjO  +  COj. 

N0TE.S, — The  urine  gives  the  best  results  when  about  i  per  cent,  solution  ot 
urea  is  present.  About  fifteen  minutes  should  elapse  before  the  reading  is  made. 
The  reaction  takes  place  best  at  a  temperature  of  20°  C,  The  carbon  dioxide  is  dis- 
solved by  the  excess  of  ijodium  hydroxide.  About  8  per  cent,  of  the  nitri^en  of 
urea  is  left  in  solution  as  NaOCN  and  NaNOt,  hence  we  do  not  read  all,  but  this 
loss  may  be  diminished  by  diluting  the  urea  solution,  concentrating  the  hypohromite 
solution,  or  especially  by  concentrating  the  sodium  hydroxide,  and  also  by  using 
a  temperature  a  little  above  ao°  C.  This  loss  is  in  normal  urine  almost  exactly 
balanced  by  the  nitrogen  gained  from  other  bodies.  For  instance,  uric  acid  gives 
up  about  one-half  of  its  nitrogen,  also  the  xanthin  bases;  creatinin  about  one- 
third.  Albumin  must  be  removed,  since  this  gives  off  some  nitr<^cn  and  gives  a 
precipitate  which  much  hinders  reading.  Ammonia  bodies  are  the  great  source  of 
error,  since  ammonia  gives  off  nitrogen  as  easily  as  urea.  It  is  interesting  that 
Eijkmann  showed  this  point  twenty  years  ago.  Joslin"  found  in  diabetes  errors 
of  almost  100  per  cent.;  i.e.,  in  one  case  80  gms.  of  urea  were  found  by  this 
method  when  hul  23.8  gms.  of  nitrogen  were  present.  Dr.  Slemons  had  similar 
experiences  in  this  laboratory.  Ptliigcr  and  Bohland  advise  to  precipitate  the  urine 
first  with  pho'photungslic  arid  and  hydrochloric  acid  to  remove  the  extractives. 
The  urine  is  then  filtered  and  the  filtrate  used.  In  so  doing,  however,  it  should 
be  remembered  that  those  hodie-^  which  make  up  for  the  loss  of  the  nitrogen  of 
the  urea  have  l)een  removed,  and  hence  the  result  is  always  somewhat  (perhaps 
8  per  cent.)  too  low. 

The  Monicr-Sjoip'ist  —Tbh  mclbod  wa=  thought  reliable  for  the  determina- 
tion of  urea  alone,  .Mhumin  must  first  he  removed  by  heat  and  acetic  acid,  and 
then  the  original  volume  of  urine  restored.  Five  cc.  of  urine  are  placed  in  a 
ffask  with  5  cc,  of  a  barliim  mixture  f  saturated  barium  chloride  solution  to  which 
barium  hydroxide  h  dissolve!  tilt  5  per  cent.)  ;  ton  cc,  of  a  mixture  of  97  per  cent. 
alcohol.  3  parti,  and  other.  1  part,  are  then  added  This  is  allowed  to  stand  until 
the  next  day  in  a  closed  vessel,  tt  is  then  filtered  on  a  suction  filter,  preferably 
throuRh  a  small  filler  pajier  about  10  cm  in  diameter  and  into  a  Kjeldahl  flask. 
The  precipitate  i*.  well  washed  with  alcohol  and  ether.  It  is  sufficient  to  obtain 
about   so  cc,  of  filtrate.     Urea  will  he  practically  the  only  nitrogenous  body  left 

"  Boston  Med,  and  Surg.  Jour,,  1902.  vol  cxlvii.  p.  700- 
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in  Mlntran.  The  alcohol  and  ether  arc  (hen  evaporated  off  ai  n  trmpct.itutc  noi 
above  to*  C.  or  discillecl  oH  at  mliKCil  jirc^itirc  if  a  kuoiI  suction  pump  i!k  at 
hand.  Wlim  ahotit  25  tc.  nrc  left  there  i»  aOdcd  .1  lilllc  Hnlct  ;ind  burnt  ma^nc- 
»iuin  UKidi-  and  the  eva[K>tiiii<)ti  or  difiillatioci  ciiniiniicd  imtii  thi'  diiiiliaic  is  no 
lodger  alkaline,  which  it  true,  hi  n  rule,  when  only  from  10  ii>  t^  cc.  arc  left; 
olherMi»e  unimuiiia  will  be  tc(l  lii  tlic  filtraiir.  The  rttiid  11  Ihcii  poured — and  the 
fluk  washed— into  a  l5ask.  .\  fc«  drop^  of  Conccrilialcd  sulphuric  acid  vhould 
tben  be  added,  and  it  it  then  cvapuraieO  on  a  waicr-liaih  to  a  very  Mnall  vr>liinie. 
ilncc  we  witib  ii>  gel  rid  oi  oil  Ihc  nirohol  which  will  Waclirii  ilie  solution  and 
fotun  badly.  Twetiiy  cc.  of  pure  siilphunc  acid  arc  then  added  and  one  cuntiniict 
M  in  <bc  Kieldnhl  niirogrn  drirmii nation. 

The  amount  of  niirugen  multiplied  by  3.143  ^i"  S'^^  f^'  weight  of  the  urea. 
HoKW-Seytei  advices  that  wlirn  ihc  fluid  is  ctaporalcd  to  lu  to  15  cc.  abnut 
■o  gnu.  of  crystalline  plioiphuric  acid  be  added,  and  one  proceed  a;  in  the  Schon- 
dorff  mciliod. 

A  Still  better  method  is  that  of  Schondorf.^  which  gives  results 
iroin  0.08  to  o.i'j  per  ceni.  kiwer  than  by  the  Moriier,  This  method  is 
based  on  experiments  thai  phosphotuiigstic  acid  will  precipitate  all  of 
the  nitrogenous  liodies  excepting  iirea:  it  would  precipitate  thi*  in  a 
sotution  of  over  3  per  cait.  urea. 

Fifty  cubic  cauimetres  of  urine  (if  the  specific  gravity  be  over 
1017.  it  should  be  dilutcil)  arc  measured  in  a  closed  graduated  cylinder 
of  200  cc.  capacity,  and  ihe  acid  mixture  ( phosphotungstic  acid  lo 
per  cent.  9  parts.  HO  specific  gravttj-  1.124.  '  pan)  added  until  full 
precipitation  is  obtained.  The  ainotnit  necessary  for  this  should  be 
determined  by  the  following  preliminary  test.  To  10  cc.  of  urine  is 
adde<l  the  phosphotungstic  acid  mixture  from  a  pijiette,  stirring  by 
shaking,  until  1  cc.  of  the  clear  filtnite  (  filter  repeatedly  until  clear) 
do«s  not  cloud  when  a  few  more  drops  are  added.  It  is  sufficient  to 
gel  within  i  cc.  of  the  necessary  amount. 

The  cylinder  is  then  filled  up  lo  the  150  or  200  cc.  ]joint  with 
HCI  (of  sp.  gr.  1. 1 24.  diluted  ten  times),  well  shaken,  and  allowed  to 
stand  for  twenty-four  hours.  It  is  then  filtered  through  a  double  filter 
until  clear.  The  clear  filtrate  is  rubbed  up  widi  CafOH),  until  alka- 
line, and  after  the  bine  color  disappears  is  filtered.  Fifteen  or  twenty 
cubic  centimetres  (that  is.  the  amount  which  corresponds  to  5  cc.  of 
urine)  are  then  measured  into  an  Pirlenmeyer  flask  in  which  arc  put  lo 
gnis,  of  crystalline  phosphoric  acid.  This  is  heated  in  a  dry  chamber 
fa  sand-bath)  for  four  and  a  half  hours,  the  time  reckoned  from  the 
point  when  all  the  water  is  evaporated  ofif,  an<l  at  a  temperature  of 
150*  C  After  cooling,  the  synipy  mass  is  dissolved  in  warm  water, 
put  into  a  distillation  (lask,  and  the  further  steps  are  the  same  as  those 
of  Ihe  Kjeldahl  nitrogen  determination.  Tlie  amount  of  nitrogen  mul- 
tiplied by  2.14.^  will  equal  the  weight  of  urea  in  5  cc.  of  the  urine. 

Pfl&ger  and  Bleibtten  advite  that  5  ce.  of  lli«  Rliraie.  after  ihc  addition  of 
Ca(OH)i,  be  uMd  to  make  ;in  .-immonia  determination,  the  nitrogen  of  whidi  i> 

"Pf)agcr*s  Arch,,  Rd,  6a. 
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subtracted  from  the  result;  but  if  pure  phosphotungstic  acid  be  used  this  is 
unnecessary  since  the  ammonia  will  all  be  in  the  precipitate  (GuUich). 

In  all  methods  it  is  to  be  supposed  other  bodies  nearly  related  to  urea  are 
determined  as  welt,  it  has  been  repeatedly  shown"  that  if  there  be  even  CI  per 
ccni.  sugar  in  the  urine  there  is  a  considerable  loss  of  tirea  nitrogen,  hence  all  must 
be  removed  by  fermentation. 

Folin  Method. — To  5  cc.  of  urine  in  a  200  cc.  Erlenmeyer  flask  are  added  5  cc. 
concentrated  HCl,  20  gms,  MgCli,  a  piece  of  paraffin  the  size  of  a  smalt  hazel-nut, 
then  2  to  J  drops  of  I  per  cent,  aqueous  alizarin  red.  This  flask,  protected  by  a 
safety-tube,  is  boiled  tilt  each  drop  of  reflow  makes  a  very  perceptible  thump:  the 
heat  is  then  reduced  and  continued  one-half  hour.  The  contents  of  the  flask  must 
remain  alkaline,  iience  when  seen  to  turn  red  a  tittle  acid  is  allowed  to  flow  back 
from  the  safety-tube.  At  the  end  of  an  hour  the  contents  of  the  flask  are  trans- 
ferred to  a  t  litre  tlask  with  about  700  cc.  water,  then  about  20  cc.  of  10  per  cent. 
NaOH,  and  the  ammonia  distilled  till  almost  all  over  and  the  distillate  not  alka- 
line. The  distillate  is  then  boiled  to  drive  off  the  COi,  cooled,  and  titrated.  The 
ammonia  of  the  urine  and  of  the  MgCli  must  be  subtracted. 

Using  the  Schlosing  method,  v.  Jaksch  *^  has  shown  that  among 
patients  in  general,  83.93  to  91.07  per  cent,  of  the  total  nitrogen  is 
urea,  and  this  constitutes  from  95.85  to  98.36  per  cent,  of  the  nitrogen 
not  precipitated  hy  phosphotungstic  acid;  from  1.52  to  3.61  per  cent. 
of  the  total  nitrogen  is  in  amido-acids,  and  from  5.16  to  8.51  per  cent. 
of  the  nitrogen  precipitated  by  phosphotungstic  acid  is  in  amido-acids 
and  ammonia  bodies.  To  double  the  amount  of  total  nitrt^en  is  a 
sufficiently  correct  way  of  clinically  estimating  urea :  that  is,  he  doubts 
any  considerable  disturbance  of  the  distribution  of  nitrogen. 

The  amido-acids  are  increased  in  liver  disease,  in  typhoid  fever 
(the  output  may  be  even  0.5  gm.  per  day),  in  diabetes  mellitus  (even 
to  0.64  gm.  per  day),  and  in  some  cases  of  Graves's  disease. 

At  this  point  we  may  suggest  that  simply  because  a  person  has  a  certain  dis- 
ease docs  not  mean  thai  thai  ca^e  wit!  necessarily  show  ihe  changes  in  nitrogen 
distribulioii  usually  ascribed  to  that  disease:  for  organs  in  general  are  functionally 
very  sufficient  despite  disease  until  the  disease  reaches  a  point  rendering  them  func- 
tionally insufficient,  then  the  characteristic  changes  may  suddenly  develop. 

Halpern,"  using  similar  methods,  found  in  nephritis,  carcinoma, 
and  inanition  a  relative  decrease  of  urea:  yet  this  was  not  constant, 
in  some  cases  finding  normal  figures,  in  others  an  increase  of' ex- 
tractives and  ammonia  but  not  of  amido-acids;  in  liver  disease  no 
relation  between  urea  and  the  amido-acids,  although  the  former 
fell :  in  blood  diseases,  leukemia,  severe  pernicious  anemia,  in  tuber- 
culosis, the  distribution  of  nitrogen  was  normal.  From  work  like 
that  above  mentioned  we  see  that  in  the  usual  run  of  cases  the  various 
diseases  studied  do  not  disturb  the  nitrogen  distribution  in  any  char- 

"  Landau,  M.-ily.  Jahresb..  vol,  xiixiii. 
"Zcitsthr.  f.  klin.  Med.,  1903,  vol.  1.  p.  167. 
"Ibid.,  p.  355- 
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aaerislic  way.     W'e  must  wait  for  observations  on  a  series  of  more 
severe  cases  of  the«e  same  diseases. 

We  giv*  herewith  a  few  of  the  fnipfrlies  of  and  lettt  fur  urea,  since  ihi» 
n  B  mo*r  imporuni  body.  Urea  when  pure  occurs  in  ctyMali  which  arc  needle* 
or  prisms  lielonging  In  the  telraitonal  s>fieTii :  cuturlcis,  iirmlcd.  [lak.  (uiir-tidcd 
coluninfi  with  ciwl»  oJ  one  ur  iwo  oblicjue  planes,  and  tumciimcx  liolluw.  They 
cunuin  no  water  of  cryttalii^aiion.  li  is  not  hydioicopic,  ani]  dort  not  chanitc  In 
the  uir :  it  is  d<OJmpu»e<l  liy  Ileal,  the  dccumpaiitioii  and  the  evolution  of  ammonia 
beginning  ai  ii»'  C.  bui  chiefly  at  130'  10  ijj'  C. 

Tltc  intfurot  icsi  ii  one  of  Ihe  moit  impuriant.  According  10  Schiff,  one 
eTyt-xal.  the  tizc  of  the  head  of  a  pm,  is  brought  in  cuiitaci  in  a  porcelain  dish  with 
one  drop  of  cunceniraiieit  a<|ueou!i  nultilion  of  furfiirol.  At  once  ii  added  one  drop 
of  hydrochloric  actil  (spccitic  gravity  1  100)  and  one  »ce9  a  rapid  change  of  colors 
from  yellow,  to  (jteen.  to  blue.  In  violet,  and  in  a  few  minutes  a  fine  purple-violet 
color  Alanioio  gives  the  Mine  tcsl,  but  less  intense  and  slower.  An  i>ld  furfurol 
aolutton  will  also  give  the  lesl  without  urea.  Hupperi  advises  the  following 
tneihod:  3  cc.  of  concenliaicil  furfurol  wiluiion  plus  4  10  6  ilropt  of  wmcciitrated 
hydrochtoric  acid  are  mixed.  The  mixture  nmii  not  slain  red.  To  this  is  added 
one  crysUl  of  urea.  In  a  few  minutes  is  seen  a  deep  violet  color,  which  gradually 
becoaiex  black,  and  then  appears  a  black  precipiiaie. 

The  biuret  lest  ■»  one  of  the  bcsi-known  urea  tests.  Urea,  if  fitscd,  gives  off 
buret  and  cyaimric  acid.  This  occurs  at  a  temperature  of  too'  C-  To  test  this 
■  few  er>'siaU  are  put  in  a  dry  test-iiibc  and  heated  |{enily  until  f!»id  This  is  then 
cooled,  dissolved  in  water,  made  strongly  alkaline  with  NaUII.  .-ind  then  -1  per 
cent.  CuSO.  wilulion  added  drop  by  drop.    A  )>cauiifnl  violet  color  will  result. 

When  only  a  crystal  or  so  is  at  one's  diipc»al,  as.  fur  instance,  in  the  case 
of  frott  upon  the  skin,  the  best  urea  test  is  the  iul'i(  add  or  oxalic  add  lest. 
IVea  in  Ihe  presence  of  concentrated  nitric  acid  forms  a  compound,  CO{NHi)i- 
HNOi,  in  crjttals,  thin  rhombs  or  hi-xa|t''n3l  plates,  which  ofien  overlap  tike 
dungks.  They  are  colorleu.  and  have  acute  angles.  If  ihey  form  sluivly.  lar^e. 
thick,  rhombic  prisms  arc  produced  These  crystals  healed  volaiiliicd  withnut 
residue,  an  esieniial  point  in  ihc  lest  to  exclude  similar  crystals  of  the  heavy  metals, 
h'o  nitrous  acid  should  be  present  in  ihe  nitric  acid,  tince  this  in  the  cold  will 
break  op  the  urea,  forming  carbon  dioxide,  nitrogen,  and  water.  To  perform  ihe 
lest,  <me  crystal  or  one  drop  of  ihc  ironecmratcd  solution  is  allowed  to  come  in 
c<miact  under  the  coTcr-Blas«  with  pure  nitric  acid.  M  the  line  of  contact  is 
Men  the  rapid  fonnation  of  the  above-detcribed  crystals.  The  urea  must  be  in 
Ibe  Mrnccntraiiun  of  at  least  to  per  cent. 

Uie*  oxaUie.  3C0(NH:)iniC;().,  i«  less  soluble  in  water  than  the  niiraie,  and 
hence  this  test  is  preferred  by  many.  It  is  pcrfonned  in  the  same  way  as  the  nitric 
acid  test.  The  crystals  are  rhombs,  lirxngont,  or  plnie^  It  is  well  10  ditsoIv« 
the  urea  in  the  least  amount  of  absolute  alcohol,  and  to  use  a  concentraied  ether 
•oJutMM)  of  oxalic  acid,  or.  better  still,  an  amyl  alcohol  solution  of  both. 

To  isi'hie  utca  from  any  solution  the  albumin  is  first  removed.  The  urine,  e.g., 
faintly  acid  II  concentrated  al  a  low  lempersture  to  a  very  small  volume;  nitric 
acid  is  then  added  in  excess,  the  mixture  beintc  kepi  cool.  The  precipitate  is 
filtered  and  pressed  between  filler  paper  li  is  then  divsolvcd  in  w.iter  .md  decom- 
poted  with  barium  carbonate,  dried  upon  a  watcr-batli.  and  the  residue  extracted 
with  strong  alcohol.  The  extract  is  decolorized  if  necessary  wilh  animal  charcoal. 
Urea  recrystalliies  on  cooling  from  the  warm  alcoholic  solution.  To  determine  It 
Ihc  Schondorit  method  is  applicable  to  albumin-frec  Iluids. 

Uric  acid  is  a  substance  whicli  lias  attracted  an  absurd  amoiint  of 
attention,  and  Iieen  tbe  object  of  a  great  amount  uf  cairful  work.  The 
present  status  of  opinion  is  tbat  it  is  a  specific  oxidization  product  of 
ihe  niKlcin  basis,  and  is  increased  only  by  an  increase  of  these  liodies 


in  the  food,  or  an  increased  nietabolisni  of  tissue  nuclei.  Horbaczcwski 
considered  that  this  tmdy  is  derived  especially  from  the  nuclei  of  leu- 
cocytes, Althou§;li  this  may  in  sonic  dcRicc  be  Inic,  yet  it  probably 
explains  but  a  small  part.  It  is  an  interesting  fact  that  in  birds  and 
certain  reptiles  the  uric  acid  is  the  chief  nitrogen  compound  of  the  ex- 
cremcnta;  Iliat  in  sonic  camivora  (dogs  and  cats)  it  sometimes  fails. 
In  the  herhivora  it  is  always  present,  but  only  in  traces,  and  in  man  it 
is  present  in  a  larger  but  still  very  varying  amount,  ll  lias  beai  s.li<iwn 
also  ilut  the  body  has  the  ability  to  synthesize  nric  acid.  If  hyiK>- 
xanthin  be  fed  a  i>alient.  50  per  cent,  will  appear  as  uric  acid.  In  the 
case  of  birds  it  is  probable  thai  just  as  in  mammals  the  chief  end 
product  of  nitrogen  is  urea,  but  this  is  synthesized  to  uric  acid,  while 
in  mammals  it  is  excreted  unchanged:  and  that,  lastly,  if  uric  acid  be 
fed  to  ihe  bndy  it  will  oxiilize  some  of  it:  hence  i)ne  is  very  wary  in 
arguing  from  the  amount  in  the  urine  to  that  foun<l  in  the  Iwdy. 
Recent  work  tends  to  show  it  an  even  more  specific  product  of  the 
nuclcin  bases  ihnii  was  sunposcd.  and  its  output  quantitatively  rel»te<I 
to  these,  ahhongh  it  is  often  ilelayed. 

Uric  acid,  when  pure,  is  a  white  powder  of  very  small  prisms  or 
plates.  It  is  difficultly  soluble  in  boiling  water  and  very  little  in 
cold.  It  is  more  *ohible  if  not  i)ure.  Urea  is  its  best  solvent,  and  this 
in  the  urine  can  hold  all  the  uric  acid  there  in  solution.  It  is  insoluble 
in  alcohol  and  ether;  somewhat  in  by<lrijcliloric  acid  and  alkaline  car- 
bonates. The  cold  solution  does  not  redden  iitnius.  It  reduces  Fchl- 
ing's  solution  when  heated,  but  not  bismuth  solution.  It  is  broken  up 
by  XaOBr.  about  47.8  per  cent,  of  its  nitrogen  being  given  off.  Tlie 
oulpul  may  be  said  to  vary  normally  from  0,2  to  1.25  gms..  an  average 
of  0.7  gm.  in  twenty-four  hours,  which  represents  from  i  to  2  per 
cent,  of  the  total  nitrogen.  It  is  increased  physiologically  by  an  in- 
crease in  ibe  nucleins  of  the  diet,  sweetbreads  being  a  favorite  food 
to  show  this,  since  they  increase  it  from  0.5  to  2  gms.  in  twenty- 
four  hours.  'ITie  maNinnmi  output  occurs  from  three  to  five  hours 
after  a  mea!  {that  of  the  nitrogen  in  nine  hours).  There  is  a  relatively 
large  output  in  the  iicwburn.  In  the  adult  the  nitrogen  of  the  uric  acid 
is  to  nitrogen  of  the  urea  as  i :  50  to  70.  but  in  the  case  of  the  newborn 
as  1 :  13  to  14. 

Tlic  amount  varies  considerably,  particntarly  in  differeni  inclivid- 
oals.  Bnrian  and  Scliur  have  simplilied  the  question  greatly  by 
showing  that  the  nric  aciil  output  may  be  divided  into  two  fractions. — 
the  exogenous  and  the  endogenous.  By  exogenous  is  meant  the  uric 
acid  which  is  formed  from  the  food  directly;  the  endogenous,  that  part 
arising  from  the  tissue  protcid.  This  endogenous  fraction  is  therefore 
the  interesting  fraction  to  consider,  and  in  melaltolism  work  involving 
it  the  patient  should  be  on  a  diet — e.g.,  of  eggs  and  milk — which 
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covers  lib  nitrogen  and  heat  needs,  but  whicli  does  not  contain 
nucleins. 

Concerning  the  pathological  variations  there  is  the  widest  diver- 
gence of  opinion,  and  hardly  one  claim  is  iinchallcnKcd.  This  is  chiefly 
due  to  llie  fact  thai  the  diiTereiice  betvveon  the  fiKlngcnous  and  ex- 
ogenous was  not  recognized. 

The  uric  add  is  pathologicdh'  increased  when  there  is  an  increased 
proieid  cataboli&ni.  Such  is  true  of  fever,  in  which  ca*e  the  increase 
is  i>arall«l  ti>  thai  of  urea. 

There  is  an  absolute  increase  in  leuka;mia,  the  record  heing  that  of 
Magnus-Le\y*s  case,  witli  an  output  of  8  fjms.  in  twenty-four  hours. 
As  a  rule,  it  is  ahout  j  gins.,  and  the  niirogen  cf  the  acid  is  to  Ilie 
nitrogen  of  the  nrea  as  i  :  9. 

The  relation  in  gout  is  still  uncertain.  One  thing  is  quite  certain, 
that  during  the  (jniescent  interval  between  attacks  the  acid  is  Mow 
normal,  rising  to  normal  with  the  acute  symptoms,  then  to  sink  again. 
Tliis  is  of  diagnostic  importance  in  a  suspicions  case  of  arthritis. 
Whether  it  is  retention  of  the  acid  or  diminished  fonnalion  followed 
by  an  increase  is  still  to  be  settled,  but  the  Urge  accumulations  of  the 
acid  in  the  tophi  and  around  the  joints  is  good  evidence  of  an  increased 
productir>n :  these  p.ilicnts  <lo  imi  resiiond  as  normally  tn  .m  increased 
nuclcin-rich  diet  l;y  an  increased  uric  acid  output.^"  In  rlieumatism  the 
question  is  still  unsettled.  In  diabetes  mcUitus  the  increase  is  not 
marked,  2  to  ,1  gnis.,  and  is  due  to  diet;  in  pernicious  anxmia  an 
increase  is  claimed.  In  pneumonia  during  resolution  the  output  is  in- 
creased, probably  from  the  breaking  down  of  the  nuclei  in  a  large  ex- 
udate. In  cirrhosis  of  the  liver  it  is  said  to  be  very  much  increased, 
Chabrie  even  stating  that  in  certain  cases  the  maximum,  even  8  gms., 
is  excreted.  This  is  rather  interesting,  since  the  liver  is  certainly  an 
organ  which  can  synthesize  uric  acid,  The  uric  acid  diathesis  so 
emphasized  by  Haig  is  still  in  dispute.  V.  Jaksch  thinks  it  exists, 
symptoms  of  hypochondriasis  and  increased  uric  acid  output  being  the 
two  features. 

It  is  said  to  he  diminished  liy  a  poor  diet,  in  nephritis,  during  the 
acute  attack  of  gout,  in  certain  chronic  diseases,  and  after  large  doses 
of  quinine. 

One  point  of  interest  is  that  when  the  alloxnric  bases  are  increased 
the  uric  acid  decreases  in  ihe  same  proportion. 

L'dATiis. — The  possible  urates  are: 

( 1 )  Neutral.  MU.  which  do  not  occur  in  nature. 

(2)  The  monoacid  or  hiuratcs.  MIIU.  which  are  gelatinous  or 
crystalline  bodies,  and  the  best  illustration  of  which  are  the  needles 
found  in  tophi  in  gout. 

■  Reach,  Munch,  med,  WocheiiKhr..  No.  39.  15O* 


7AL   DIAGNOSIS 


(3)  Oiiadriurates.  MHCu,  which  are  easily  split  to  MHU  and  0 
by  water,  heat,  or  acid.  They  are  less  snhihle  than  ilic  liiiirate>.  The 
urate  sediiiieiii  is  supiiosed  to  consist  of  this.  Many  observers  think 
Roberts's  qiiadriurales  are  merely  mixtures  of  sodium  biurate  and  uric 
acid. 

Tests. — The  murcxid  test  is  the  one  connnonly  used.  The  uric 
acid  is  dissohed  in  two  drops  of  nitric  acid.  This  is  cvaiioratwi  care- 
fully to  dryness,  rhe  residue  being  a  beautiful  reil,  Ariinionia  is  then 
added  and  [he  color  changes  to  a  jiuqile  red.  Had  NaOU  or  KOM 
been  used  in  place  of  the  NH,OH.  the  color  would  be  more  of  a  blue 
or  blni.'ih- violet.  The  color  disappears  rapidly  on  wanning,  an*  im- 
portant iH)int  to  differentiate  certain  oiher  Imdies.  Tlic  test  is  more 
beautiful  if  e\'aiK)ration  is  done  over  a  water-bath,  and  if  the  ammonia 
be  not  directly  added  but  placed  in  a  small  gla.«  under  a  l)ell-jar  near 
the  residue:  also  if  but  liitle  uric  acid  Ijc  used.  If  the  residue  be 
not  red  but  only  yellow,  too  little  nitric  acid  has  been  added.  More 
should  he  added  and  the  evaporation  rqicatcd. 

Guanin.  xanthiii,  e|)iKuanin.  will  also  give  this  test,  but  these  are 
exchuled  if  the  substance  used  was  insoluble  in  an  excess  of  HCl.  In 
confirmation  the  color  should  be  bleached  by  further  heating,  and  the 
Fehling's  reduction  test  tried  with  the  body. 

Qu A NTiT.\TiVE  Determination. — Only  approximately  this  may 
be  clone  by  the  Heller's  albumin  lest,  underlaying  the  urine  with  two- 
fifths  volume  of  nitric  acid.  A  cloudy  ring  ap|>ears  above  the  line  of 
separation.  If  the  ring  comes  Iwfore  five  minutes,  uric  acid  is  in- 
creased; if  after  five  minutes,  it  is  decreased.  The  urine  must  be 
albumin- free. 

The  most  correct  melhod  U  llic  LuJti-ie-Satkou/fky.  Tliis  method,  u  sUghtly 
modified  hy  Schtiuill.  is  ai  follow*:  340  cc.  of  urine  are  precipitated  by  60  cc. 
of  niai-riestiiiii  mixuire  ( 100  gmt.  of  MsCU  dis'olveil  ici  wAter.  pliif  NH.OH,  till 
it  nmclli  iirortglj'  of  ammonia.  To  this  i>  added  NH.CI  nniil  the  precipilale  ix  ju»l 
diMolved.  and  ihc  wliolc  made  up  to  i  litre  in  v"lnnic).  The  niixiure  i»  iben 
tillered.  ?50  cc.  oE  lilttale  (eqiiaUinK  30o  cc.  of  tiriiie)  are  nied.  and  precipitated 
wiili  from  10  to  15  cc,  nt  tiUft  nitrate  ^uUitinn  (i  litre  eomaining  36  gnw.  of 
AgNO.  and  eiiougli  NH.OH  to  di.Molve  the  precipitate.  The  volume  i»  then  made 
up  to  I  litre,  '^1i^  should  be  kept  tiHlnl)  eorkcii  in  n  dark  bottle),  The  tifine 
It  then  lilicrcil,  (he  precipitate  washed  with  diitilled  water,  and  then  brought  Into 
suspension  in  a  litre  of  wjiter  m.ide  just  acid  with  HCl  Three  to  4  cc,  of  CuSO> 
(to  per  cent.l  lire  then  nddcd  and  the  mixture  boiled.  The  >ilvcr  wit  i»  then 
deeomposcd  hy  HiS  white  liot  and  )i!«  acid.  ,^fter  entire  decoinpo«ition  it  it 
boiled  and  filtered  and  the  filtrate  evapnratcd  to  IS  cc.  Ten  to  15  drop*  of  HCl 
arc  then  added,  and  it  in  alloued  ii)  siand  from  one  to  two  hoiirt  or  more. 
The  crystals  of  itric  acid  arc  then  tillered  out  on  a  very  »mali  filter,  waihed  witli 
wjiier  slightly  acidified  with  HO.  not  too  long,  so  thai  at  the  end  the  total  volume 
of  waih  water  i*  not  over  40  ec,  and  the  nitrogen  of  llie  precipitate  on  the  filter  paper 
then  determined  by  the  Kjeidahl  method.  The  rcMdt  mtdiiplied  by  3  will  be  the 
weight  oi  uric  acid  Or.  the  determination  may  lie  made  gravimeiric.  The  crystal- 
lUing  solntion  is  allowed  to  iland  over  nijfhi.  and  then  i*  collected  in  a  Litdwig 
glut  wool  or  ubesios  filter  with  a  ground  glast  stopper,  which  has  already  bc«n 
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ilried  at  t  lo*  C,  and  weighctl.  The  prccipiiaic  U  n-ft»hed  upon  this,  waihins  nt 
ftiit  with  (he  filtrate  ami  then  uiili  ihe  iniallcM  umoimi  of  water,  then  with  alcohol. 
Il>cn  with  CSi  anil  dhct,  dried  nnd  weighed. 

This  Rtdliod.  alili'iiiflh  ihe  moM  nfcuralc  and  on(  nhicli  with  the  small  modilica- 
tions  can  be  eaiily  tiniihcd  at  the  c»d  of  hah'  a  day.  it  itill  too  diffictiti  and  dentandl 
loo  elaborair  nn  apparatus  (o  ju<iify  ixn  iim-  'u\  Keneral  cliiitesl  eheiiii§iry.  Iti  a.  caM 
of  soDt  all  thai  i«  nccei^tary  i<  tu  know  uhcihcr  the  uric  acid  be  much  diminiiJied 
or  TIM,  and  a  ilifthtly  \v>*  accurate  method  will  tufficc.  Folin't  modilicaiioa  of 
HnjAms't  method  i«  rccommcniletL 
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Pfdin's  Method — To  300  cc.  of  tirine  are  added  75  cc.  of  a 
uranium  acetate  reagent  (consisting  of  500  gms.  n{  .ininionitini  siil- 
phaif  .iikI  5  gms.  nraniiim  .nccuitc  dissolved  in  650  cc.  i>t  water ;  60  cc. 
of  10  per  cent,  acetic  acid  arc  tliim  added  and  tlic  wliule  made  up  to  l 
litre).  Tliis  ^iohitimi  is  to  rennive  the  jihospliates  and  certain  bodies 
not  well  nndersinod  whose  presence  wrmUI  in  certain  pathological 
cases  disturb  the  accurac>'  of  the  method.  The  urine  thus  treated  is 
well  stirred  and  allowed  to  stand  live  iniiimes,  and  then  fiUered 
through  a  double  folded  filter.  From  the  filtrate  125  cc.  are  measured 
-into  two  beakers,  each  volume  represent ing  lOO  cc.  of  urine.  Five 
;«iibic  centimetres  of  concentrated  nmmoniji  are  added  to  each  and  the 
solution  set  aside  until  the  next  day.  The  clear  fluid  is  then  decanted 
tlirouph  a  fitter,  the  precipitated  ammonium  urate  is  collected  on  the 
pai>er  and  washed  with  a  10  per  cent,  sohition  of  ammonium  sulphate. 
It  should  t)e  w.ishcd  until  the  filtrate  is  almost  chlorine- free.  In  test- 
ing the  filtrate  of  the-  washiiifi:  for  CI  with  ArNOs.  a  little  HNO, 
should  be  added.  The  filler  paper  is  then  pierced  and  the  ammonium 
urate  washed  into  .i  heakei",  using  about  Kxi  cc.  of  water.  Fifteen  cc. 
of  concentrated  sulphuric  acid  are  then  addcil.  and  the  solution  titrated 
while  still  hot  with  a  iwentielh-nonnal  KMnOj,  u^^il  the  first  blush 
of  red  is  seen  through  the  whole  volume  of  fluid.  This  color  need 
last  but  a  few  seconds.  Each  aibic  centimetre  of  the  reagent  indicates 
3,75  nig,  of  uric  acid.  A  correction  of  3  nig.  per  100  cc.  of  urine 
it  is  necessary  to  add. 


By  a  twentieth -normal  KMnO.  is  moant  nnc  of  tiieh  concentration  that  I 
litre  would  contain  0.0s  Km.  ol  available  Dxyi;en  lu  oxidiie  the  ii'ic  acid.  Hence 
1576  Bnii.  of  recrysialliied  KMnO.  are  weighed  into  1  litre  of  water.  Since 
wrighing  it,  not  wifficicntly  accuiaiir.  ii  is  best  lo  make  a  «liKhlly  more  concentrated 
tnluiiofi  Thi»  i»  boiled,  which  remlcrs  the  solutiiin  more  permanent.  It  i*  then 
titrated  againM  a  tenth-normal  '"Intton  of  osalie  acid  <f<3  gm'-  per  litre)  or 
pdiaisium  tetraoxalate  <fl4i  gmi.  per  litre).  Ten  cc.  of  the  oxalic  acid  solution 
ntr  ditulcit  to  too  cc.  with  distilled  water,  and  13  cc.  of  concentrated  sulphuric  acid 
addol  to  produce  »  tcmpcrniiirc  of  .ilioiit  fa'  C.  The  pviaisiiim  permanganate 
i<  then  added  drop  by  drop  unlil  a  uniform  red  color  appe.irt  which  laMs  about 
thirty  sccoodv  Tlie  pennanitanste  ''iliition  is  then  diUtted  until  lo  cc.  of  the 
oxalic  acid  re<|iiire  20  cc.  of  the  KMnO.  loluti.m  for  the  end  reaction. 

Il  i»  inlerf  tin([  that  at  the  hcijiniiing  of  the  titration  the  red  remains  lon([er 
than  later  Thii  i<  dnc  to  the  f.irt  ihat  ihe  eomhfstion  n(  the  "fie  acid  i«  much 
proRioird  hy  Ihe  incteated  percentage  of  the  lulpliatc  of  mangancte.     The  color 
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is  not  p«rman«nt.  owinK  to  other  reducing  bodi«5.  and  the  Mud«ni,  t^jt^ 
tolulion    taliifaclQcily.    should   have   lUndnrdizcd    it   hiin^elf.   that    lie   may 
what  t"  consider  an  end  rcaciinn. 

To  get  nti  oxalic  ncirl  luSiciently  pure  it  is  necesmry  to  recryi^ulliie  two  to 
three  iinie«  a  cold  saturated  (ohiiion:  or.  belter,  to  recrystallite  fira  from  hoi 
dilute  HCI  (lo  to  15  per  cent.),  then  from  hot  alcohnl,  then  from  water.  The 
ailiieous  solution  uiu^t  be  liciiicd  till  the  odor  of  ethyl  oxalate  pa^su  00.  Oxalic 
acid  cannot  be  dried  in  a  desiccator  or  hot-air  bath. 

In  ihc  aliove  methods  great  care  must  be  ii^ed  to  avoid  error  from  the  iirk 
acid  or  urates  wliich  may  have  precipitated,  and  which  must  be  rcdiiiolved  by 
wanning  the  urine,  or  by  the  itddiiion  of  a  liiric  taiiiralcd  lithium  carbonate 
solution. 

Riidisch  and  Kleeber(["  have  recemly  reported  a  method  for  determining 
uric  acid  .ind  the  purin  hasei  which  ihey  think  even  stipcrior  lo  the  Ludwig- 
Salkowiki  tnclhod  in  accuracy,  unil  so  iiuick  a  method  thai  It  can  be  ii^d'  clrni- 
calljr.  These  bodies  are  precipitated  by  an  exccs'  of  fiftieth-normal  AgNOi,  and 
the  excess  of  'ilver  determined  volumeirically  by  fiftieth -norm  a  I  KI,  ihc  end  reac- 
tion being  recognised  by  testing,  after  the  addition  of  the  »uccciiive  portions  of 
Kf.  the  mixture  in  teet-tube<  with  niiroui-sulphurie  aoid  (35  ec.  HjSO.  to  7;  «. 
HiO.  then  I  cc.  of  fuming  IINO,!  and  iJiifrch  solution,  vimil  the  blue  of  stardi 
iodine  compound  .ippears.  Tlie  ;cpnrniion  of  uric  acid  and  the  other  pitrin  bodies 
depends  on  the  tolnbility  of  Ihc  silver  compounds  of  ihc  latter  in  strong  ammonia 
■solutions  Thi-  meihod  is  still  recent,  and  for  the  details  the  reader  is  referred 
to  Ihe  original  article. 

The  Purin  Bases. — The  purin,  alloxuric,  xanlliin,  or  niiclcin  bodies, 
nil  shown  10  coiunin  the  purin  ring,  occur  in  the  urine  in  very  small 
.■jniount.  Their  formation  from  the  nudeins  is  represented  by  the 
following  diagram: 

Nuclein 


Simple  protcid        Nucleic  add 


Purin  bodiet 


Thyrain 

Uracil 

Cytosin 


Meiaphospiioric  add 


They  arc  xanthin,  guanin.  hypoxanthin.  adenin.  heteroxanthi 
pnraxanthin,  qiisarkin,  cpigiianin.  methyl xaiitliin,  cnruiu.  Of  these 
tcii  bfMlies,  the  three  which  fonn  the  chief  amount  in  the  urine  are 
heteroNanthin,  paraxanthlii.  and  mcthylxanlhin,  and  tln-sc  arc  derived 
wholly  from  the  caffeine,  theobromine,  and  thei->pliylin  of  the  food. 
Guanin  and  camin  are  slill  unproved.  The  total  amount  occurring  in 
the  urine  is  from  15.6  to  457  mg.  in  twenty-four  hours.  Others  con- 
sider 87  mg.  an  average  output  for  a  mixed  diet  (Canierer).  44  mg. 
for  a  meat  an<I  1 1 1  mg.  for  a  vegetable  diet. 

Xanthin  occurs  normally  in  the  urine  only  in  minute  tracer.     More  rarcl> 
It  is  the  chief  con-iituent  of  urinary  sediraenti  and  calculi.  *cverai  of  which  have 
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en  describe).  It  h  incrcaied  in  knk^emin.  nepliritii  of  children,  in  which  case 
here  ntay  hv  2X.5  mg.  prr  lOu  cc.  imtcad  nf,  nt  notmall.v,  j,8  mg.  Ftnm  ti},i»o 
litres  u(  urine  i<i  ktiu.  hji%c  twcn  i^jliitctl. 

Tbe  principal  tcvi  of  xanthin  U  H'l-id^Ps.  The  body  in  <iiie«uon  it  boiled  in  a 
Irsi-itibe  with  hydrochloric  dciil  and  Ji  ]iiik  KC10>  It  i»  carefully  cvspurated  to 
dryneit.  and  (he  reiidiie  moiiiiened  with  ammonia.  A  red  or  a  piirple-violcl  color 
Tesuits.  Another  test  \<  tn  evapornic  10  di.rnc^s  in  a  porcelain  dish  with  nitric 
acid,  proiludag  a  ycUon  reiiduc  which,  on  ihc  addiiion  ai  NaOH  and  wanning, 
breoines  3  purple  red. 

Ouanin  is  claimed  to  occur  in  the  urine,  eipecially  in  leuksmia.  It  give*  tlie 
ume  nitric  acid  test  as  xnnlhtn.  exce|iiiiiK  Ihat  the  alkali  gives  a  more  blue-violet 
color.     It  doet  nol  give  the  Wtidel  rcaclion. 

HypOKanthin  is  prceni  m  ilie  urine  .ind  in  considerable  amounts  in  lenVmnia. 
It  givn  ntiiher  the  niiric  acid  imt  the  W'cidel  teit%, 

Adeiun  occurs  in  urine,  e'pccially  in  leiikemi:»  The  chnracieritiic  reaeiion  is 
that  tl  the  erjrstals  he  warmed  slowly  in  an  amount  of  water  iniuflicient  lo  dis- 
solve thetn.  at  50*  C  lliere  appears  a  sinlden  cloud.  It  docs  not  give  the  nitric 
acid  OUT  the  Wcidel  teit.    It*  other  reaction!!  arc  the  same  iin  hypo itan thin. 

T1»e  yt.'.sXTiTATivE  hktwmisaIion  used  for  these  bodies  is  usually  that  of 
SallcowUct.  From  400  10  600  cc.  of  urine  (alhumin  removed)  arc  preci|>ilated 
with  a  magnesimn  mixture  and  filtered.  The  (iliratr  is  then  prcctpiiaicd  with  a 
3  per  cent,  ammoni.ical  lilver  ioliition  (t>  cc.  per  100  cc,  of  urine).  The  silver 
pres-ipitaie  is  washed  thoroughlj.  It  is  then  brought  into  about  600  to  800  ee. 
uf  water,  slightly  acidified  with  hydrochloric  acid  and  decomposed  with  HiS. 
The  fluid  is  then  bested  in  boiling  and  filtered  hoi  The  filirnie  is  evaporated  on 
a  bath  to  dryncu  and  the  reiiduc  extracted  with  ,!  per  cent,  hot  sulphuric  .icid, 
from  25  to  30  cc  Iwing  used.  This  CKtraci  is  allowed  to  stand  for  iweniyfour 
houn  Tlie  uric  acid  ii  then  filtered  out  and  washed,  the  filtrate  made  alkaline 
and  again  precipitated  with  .^gNOt  It  i<  then  coUccicd  on  a  small  chlorine  free 
Alter,  washed,  ilricd.  carefully  aihed.  tile  ash  dissolved  in  nitric  acid  iind  titrated 
for  chlorine  by  the  ordinary  Volhardt  method.  One  part  of  silver  etinals  oi?? 
part*  uf  the  xanihin  base  nitrogen,  or  o.7,tSi  pans  of  ihe  xnnihin  basct.  The 
uric  acid  can  he  determined  in  ihc  lame  portion, 

Tlic  enormous  liictaiure  on  the  xanthjn  bases  has  lost  it»  value  since  Ihe 
mtlbiKis  formerly  used  have  btcn  found  incorrect,  hence  at  present  notliiuK  can 
be  said  of  the  clinical  value  of  thc»e  bodies.  It  is  inlcrciing,  however,  that  in 
tetikKmia  ihcw  bodies  have  been  found  to  be  increased,  also  in  tuberculosis:  and 
that  there  seems  10  be  an  aniagimisni  hctwcen  ihcm  and  the  uric  acid,  »o  that  while 
the  sum  of  bath  remaimt  conilant,  when  one  increases  the  other  decreases,  and 
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Ammonia There  is  always,  in  noniial  urine  a  small  .iirmint  of 

amniofti.-i,  varying  from  0.3  to  1.2  gins,  (average  0.7  gi".,)  in  twcnty- 
;our  hours  on  a  mixed  diet.  Tliis  represents  from  3.5  to  5  per  cent,  of 
Ihe  total  nitrogen.  It  reaches  its  maxinnini  jiercentage  during  sleep — 
Ihat  is.  when  digesiion  is  at  rest.  The  presence  of  this  ammonia  in 
normal  urine  should  not  be  forgotten.  It  could  be  ammonia  withheld 
from  urea  forinalion  t"  balance  acid  ions,  hut  this  may  not  expLiin  all, 
since  there  is  still  .immonia  present  after  a  long  continued  alkaline 
medication. 

Ammonia  is  one  of  the  nmst  important  prodncl.s  of  proteid  metah- 
oliiim.  In  the  arterial  hlood  there  is  0.4  tng.,  and  in  the  portal  blood 
'•**5  ntg.  in  100  cc.  (Honlynski).  It  is  found  in  all  the  tissues, 
especially  the  stomach  wall  which  contains  36.4  mg..  ami  in  iho  in- 
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testinal  wall  32.4  mg.,  per  100  gms.  of  the  organ,  being  especially 
abundant  at  the  height  of  digestion.  In  the  other  organs  there  is  a 
more  constant  amount.  It  is  rapidly  changed  to  urea,  especially  by  the 
liver,  and  hence  in  certain  cases  of  disease, — e.g.,  cirrhosis  and  can- 
cer,— with  the  total  nitrogen  unchanged,  the  percentage  of  urea  will 
fall  and  that  of  ammonia  rise.  These  ammonia  bodies  may  be  sup- 
posed to  cause  a  certain  toxemia  when  increased,  since  injected 
ammonia  compounds  are  toxic,  and  dogs  with  the  Eck  fistula  manifest 
symptoms  of  toxEemia. 

The  relation  of  N :  NH3  is  quite  constant  on  a  constant  diet,  and 
is  not  affected  by  the  amount  of  proteid.  Much  fat,  however,  does 
increase  the  percentage  of  NHj.  During  secretion  of  the  HCI  of  the 
gastric  juice  the  nitrogen  per  cent,  rises.^* 

Ammonia  is  increased  by  the  ingestion  of  inorganic  acids  and  of 
organic  acids  which  cannot  be  further  oxidized,  and  by  those  which 
arise  in  the  body,  man  and  carnivora  thus  protecting  their  native 
alkalinity  against  depletion  in  acid  intoxication.  The  herbivora  can- 
not protect  themselves  as  well,  and  hence  suffer  more  quickly.  Such 
acids  may  arise  in  considerable  amount  in  the  normal  body  if  the 
diet  be  strictly  proteid.  It  is  increased  in  oxygen  starvation :  in 
fever,  during  the  febrile  stage  and  continuing  into  the  convalescence 
(Rumpf)  :  in  diabetes,  in  which  case  oxybutyric  and  perhaps  diacetic 
are  the  acids  present;  ammonia  may  be  present  in  diabetes  In  from  8 
to  12  gms.  in  twenty-four  hours  and  represent  from  25  to  40.4  per 
cent,  of  the  total  nitrogen.  In  a  case  of  periodic  insanity  Edsall  found 
a  marked  reduction  just  before  the  attack,  and  a  rise  as  the  attack 
came  on.  In  certain  cases  of  liver  cirrhosis  the  ammonia  is  increased, 
since  the  liver  fails  to  form  urea. 

Dr.  Williams  has  put  the  determination  of  ammonia  to  very  prac- 
tical use  in  Jiis  obstetrical  wards  of  this  Jiospital.  In  cases  of  the 
pernicious  vomiting  of  pregnancy  the  percentage  of  ammonia  is  much 
increased,  even  to  20  to  45  per  cent,  while  in  the  cases  of  nervous 
vomiting,  or  reflex  from  the  pelvis,  and  in  eclampsia,  it  is  not.  With 
this  very  high  ammonia  percentage  the  urine  need  show  no  casts  or 
albumin.  Definite  hepatic  lesions  are  found.  If  this  high  ammonia 
percentage  is  found,  the  uterus  is  emptied,  and  the  ammonia  drops  at 
once.  In  a  normal  pregnancy  the  ammonia  percentage  is  somewhat 
increased,  reaching  a  maximum  during  lal)or. 

Determination. — The  Schliising  method  is  the  one  commonly 
used.  (See  Fig.  21.)  This  is  simple,  and  yet  is  not  perfectly  satis- 
factory, since  the  results  are  somewhat  too  high.  Twenty-five  cc. 
of  urine  are  mixed  with  10  cc.  of  milk  of  lime.  The  broad  vessel,  B. 
in  which  this  is  placed,  is  at  once  covered  over  by  a  hell-jar,  under 
"  See  Schiuenhelm,  Deutsch.  Arch,  f  klin.  Med.,  1903,  Bd.  77,  P-  5I7- 
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which  have  been  previously  put  20  cc.  of  tenth-normal  HaSOj.  The 
bell-jar  is  then  well  greased,  to  render  it  air-tight,  and  allowed  to  stand 
for  from  three  to  four  days,  during  which  time  the  milk  of  lime  will 
have  set  free  alt  of  the  ammonia  which  the  sulphuric  acid  then  takes  up. 
It  is  well  that  the  sulphuric  acid  dish,  C,  rest  upon  the  dish  contain- 
ing the  urine.  At  the  end  of  the  three  or  four  days  the  sulphuric  acid 
is  titrated  against  tenth-normal  sodium  hydroxide;  the  number  of 
cubic  centimetres  multiplied  by  1.7  mg.  equals  the  weight  of  ammonia 
in  25  cc.  of  urine.  If  any  moisture  is  present  on  the  inside  of  the 
bell-jar  the  reaction  of  this  should  be  tested,  and  if  alkaline  the  entire 
interior  of  the  bell- jar  should  be  washed  into  the  sulphuric  acid  before 
titration. 


FiG-  ^1. — Ammonia  detcTminat ion.  Schlosing  tnelhod.    A,  belU^r^  R,  diah  coiitaininjf  urine; 
Cndish  conUininjf  flcicl- 

The  modifications  proposed  liy  Schaffer,  working  under  Folin's  direclions,  are 
the  following:  To  25  cc.  of  tillered  urine  are  added  0.5  gm,  of  sodium  carbonate 
plus  an  excess  of  sodium  chloride.  The  sodium  carbonate  will  not  split  off 
ammonia  from  any  of  the  other  nitrogenous  compounds,  as  for  instance  urea, 
and  the  sodium  chloride  will  prevent  decomposition.  The  urine  .should  be  placed 
on  a  dish  from  15  to  17  cm.  in  diameter  that  the  layer  be  not  over  2  mm.  deep; 
a  wide  crystallizing  dish  or  a  wide  Petri's  di?h  is  the  most  satisfactory.  The 
time  may  be  reduced  to  forty-eight  hours  (not  less)  if  the  apparatus  be  kept  at 
38°  C 

Many  other  methods  have  been  proposed  which  have  given  a  certain  amount 
of  satisfaction.  One  of  the  best  known  is  the  Nencki.  which,  as  modified  by 
Sleyrer,  is  as  follows   (see  Fig.  22)  : 

Steyrtt's  Method. — From  20  to  30  cc.  of  urine  according  10  its  concentration 
are   placed   in   a   flask.   A,   through  the   cork   of   which   extend   three   lubes.     The 
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one  of  these,  F,  is  connected  with  a  sulphuric  acid  wash-bottle,  D,  and  pro- 
vided with  a  stopcock,  E,  that  the  in-flow  of  air  tnay  be  regulated  and  that 
aminonia  may  be  excluded  from  the  apparatus.  Through  the  second  perforation  is 
introduced  a  separating  funnel,  G,  through  which  may  be  added  the  50  cc.  of  milk 
of  lime.  The  third  tube,  H,  connects  this  flask  with  the  interior  of  another,  B. 
and  is  bent  at  its  extremity,  that  it  may  reach  to  the  bottom  of  this  flask  and 
therefore  be  well  covered  by  the  50  cc.  of  quarter- normal  sulphuric  acid  therein 
contained.  The  interior  of  this  flask  is  connected  with  a  strong  water-pump,  J. 
It  is  well  that  it  be  protected  by  a  Wolff  bottle.  C,  to  prevent  the  loss  of  any 
sulphuric  acid.  After  the  urine  has  been  introduced  and  all  is  ready,  the  suction 
is  begun,  and  the  50  cc  of  milk  of  lime  are  allowed  to  enter.  The  vacuum  is 
controlled  by  the  stopcock  at  the  farther  end  of  the  apparatus  and  maintained 
at  from  18  to  25  mm.  of  mercury.  In  one  hour  all  the  ammonia  will  have  passed 
over.  The  flask  of  urine  is  immersed  in  a  water-bath  held  at  36°  C.  Steyrer  con- 
siders that  urea  is  not  decomposed  by  milk  of  lime  at  this  temperature.  In  case 
the  urine  contains  albumin,  it  is  recommended  that  some  alcohol  be  added  to 
prevent  Ihe  foaming.  The  use  of  milk  of  lime  has  been  severely  criticised,  since 
a  certain  decomposition  of  urea  is  said  to  occur.  Magnesium  oxide  has  the  dis- 
advantage in  that  the  formation  of  ammonium  magnesium  phosphate  crystals  with- 
draws a  certain  amount  of  ammonia   from  determination. 


Fig.  21.— Ammonia  deifrmlnalion,  Sicyrir's  ippsraius.  A,  flask  lur  urine ;  B.  flssk  lor  siandsrd 
acid;  C,  Wolff  boule  to  catch  acid  which  may  be  aspirated  from  E;  U.  sulphuric  acid  wash-l>otl]e 
through  which  all  air  pasKs:  E,  stopcock  10  rc)(ulate  aii-innow  ^  K.  tube  connecting  D  and  A;  G. 
funnel  for  milk  of  lime;  H.  tutie  connecting  A  and  B;  I,  safety. bulb;  J,  lube  to  air-pump. 


FoHn't  Mclliod  (Fig.  23). — To  30  cc.  of  urine  in  flask.  .■\,  arc  added  15  to  20 
gms,  of  sodium  chloride  and  50  cc.  of  methyl  alcohol.  In  B  I45  cm.  high  and  5 
cm,  wide)  are  placed  23  or  50  cc,  of  tenth-normal  HjSO.,  and  in  C  some  of  the 
same  acid  diluted  with  a  small  amount  of  water.  If  too  mtich  water  he  added. 
there  is  danger  of  loss  of  acid  by  jumping  during  the  violent  ciiniiiiotion  which 
is  .set  up  in  the  acid  by  the  rapid  passage  of  the  vapor.  Should  such  a  loss  occur, 
the  acid  can  always  be  recovered  by  rinsing  out  the  fla^k,  D.  When  ready,  i  gm. 
of  dry  sodium  carbonate  is  added  10  the  urine  in  flask.  ,\.  the  stopper  quickly 
put  in  place,  and  suction  started.  With  a  good  pump  the  pres,siire  will  be  reduced 
to  10  mm,  in  two  or  three  minutes.  The  liquiil  in  the  waier-balh  is  maintained 
at  50°  C,  The  boiling  i=  allowed  10  conlinue  for  fifieen  minutes.  The  acids  are 
then  titrated  and  the  ammonia  calculated.  He  recommends  alazarin  red  1  per 
cent,  aqueous  solution  as  indicator. 
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In  none  of  the  titrations  should  phenolphlhalein  be  used  as  indicator,  since 
this  fails  for  ammonium  salts.  Among  those  which  may  be  used  are  alazarin  red, 
cochineal,  and  a  dilute  solution  of  hematoxylin  which  is  used  by  Steyrer  and 
seems  very  satisfactory. 

Creatuiin.  the  aldehyde  of  the  creatin  of  muscle,  occurs  in  the 
urine ;  creatin  does  not.  In  general  its  origin  is  the  muscle  of  food 
and  of  the  body.  Its  excretion  is  roughly  parallel  to  that  of  urea ;  it 
is  increased  by  a  meat  diet,  and  in  hunger  diminishes  and  even  dis- 
appears. Sucklings  have  none  in  the  urine  until  their  diet  is  changed. 
It  is  probably  increased  by  an  increased  metabolism  of  the  body 
muscles.  The  relation  between  its  output  and  muscular  work  has  been 
much  disputed,  some  claiming  that  it  is  increased  only  by  excessive 
muscular  work;  others  (Edsall)  that  it  is  increased  by  muscular  ex- 
ercise, and  diminished  in  extensive  muscular  paralysis  and  in  patho- 
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Flc  35. — AmnoniA  dctennlnatiofi,  Folin't  apparatus.    A,  floik  for  mine;  BBad  C,  boltlel  for  uid ; 
D. Mftt] -Inlllc ;  E.lunnel;  F,  ouiLctiapnmp. 

logical  conditions  associated  with  A  marked  decrease  in  the  function  of 
the  muscles;  that  while  it  is  not  a  perfect  index  of  the  condition  of  the 
muscular  metabolism,  since  it  presents  variations  independent  of  the 
muscles,  yet  it  is  the  index  nearest  the  truth.  In  disease  its  relations 
are  very  little  known.  Normally  the  output  is  from  0.6  to  1.3  gm.  per 
day,  with  an  average  of  i  gm.  It  has  been  found  increased  in  acute 
fevers  of  all  kinds,  in  diabetes  due  to  the  diet,  in  one  case  reaching 
2  gms.  per  day:  and  in  anxmias  and  cachexias.  At  present  its  deter- 
mination is  of  no  value,  although  good  authorities  now  think  that  it 
contains  most  of  the  nitrogen  which  the  body  really  used. 

Jaffe's  Test. — To  the  urine  is  added  a  little  aqueous  solution  of 
picric  acid  and  a  few  drops  of  dilute  NaOH.  An  intense  red  color 
appears  at  once  at  room  temperature  and,  increasing,  remains  for 
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hours.  If  acid  be  added  Jt  bccuiiii-s  yellow.  Acetone  should  be  re- 
movwl  by  IkjiIJii):;,  since  il  gives  a  more  reddisli-ycllow  color  and  is 
niucl)  fainter.  Glucose  gives  on  wanning  a  red  color.  The  lest  is 
positive  in  solution  of  i  to  5000. 

li'cyl's  Test. — To  the  urine  arc  added  a  few  drops  of  very  weak 
sodium  niiroprusside  ( sp.  gr.  1003 ) .  then  a  few  drops  of  weak  N'aOH. 
A  ruby-red  color  appears  which  soon  changes  to  yellow.  Acetone  will 
give  a  similar  test  and  should  Iw  removed  by  heating,  but  the  acetone 
urine  would,  if  acetic  acid  be  added, become  of  a  cherry-red  or  ptirple- 
red,  while  in  the  case  of  creatinin  the  solntion  after  adding  acetic  acid 
and  heating  becomes  green  and  then  a  Berlin  blue.  The  test  is  posi- 
tive for  0.6  gui.  per  1000. 

The  most  important  compound  of  creatinin  is  the  zinc  salt  (C,H;- 
N„0)a2nCU.  Creatinin  is  a  reducing  Ixidy.  reducing  FchUng's  after 
long  bothng  to  a  colorless  solution,  and  after  stilt  longer  boiling,  if 
an  excess  of  copper  be  present,  precipitates  Cuj(OI-l)s.  Creatinin. 
therefore,  disturbs  ilie  copper  sugar  tests  since  it  is  a  reducing  agent, 
and.  more  important,  it  holds  the  Cu,(OH)a  in  solution.  Bismuth  is 
not  reduced. 

OuAVTtTATiVE  Detehuinatiok.— Salkowski'ii  modification  of  Neuhaucr'i  meihod. 
The  urine  mwt  be  albomin-  and  «xigar-frce,  Two  hundred  and  forty  cc.  of  iitinc 
arc  nieaMired  m  a  ^radnaieil  cylinder,  made  faintly  alkaline  with  milk  of  lime, 
carefully  prcripiiaird  with  calcium  (bloride.  and  the  whole  then  filled  to  300  cc. 
Other*  rtcoimnciii!  480  ec.  of  urine,  in  which  ca«  all  the  succeeding  figures  niaU 
be  duuhtcd.  This  mixttiie  if  allowed  tn  MamI  fnr  liflrrn  minuter.  It  h  then  6I> 
icrcd  through  a  dry  filter  until  250  cc.  of  filtrate  (which  equal  xo  cc.  of  urine) 
are  obtained,  Tlii»  iJ  iieulralited  or  m.-ide  very  faintly  acid  Vfith  hydrochloric 
or  arelic  acid,  and  then  evaporated  to  alMut  30  cc.  (irsi  over  ibe  free  flame  and 
then  on  a  watcr-balh.  The  fluid  i.i  neuiralixed  with  noda.  stirred  np  with  an  ctgual 
amouni  of  nhtoluie  alcohol,  and  then  washed  with  alcohol  into  a  incaMirinf  Aaftk 
holding  too  cc.  and  already  containinfc  loine  alcohol,  the  porcelain  diih  lieing 
washed  ivcll  nilh  alcohol  and  this  added  to  the  fla«k.  The  Hash  !«  shaken  up  well, 
perfectly  cooled,  .■liaking  it  a  liillc  from  time  to  time  in  order  to  allow  the  eicape 
of  air.  and  then  filled  lo  the  100  cc  mark  with  absolute  alcohol  It  i%  allowed  to 
staild  for  Iweiily-four  houri.  then  filtered  through  a  dry  paper.  Of  file  lillraie 
80  cc.  (citialliiig  100  cc,  of  urine)  are  mixed  in  a  beaker  with  from  as  to  t  cc. 
of  an  alcoholic,  absolutely  acid-frce  7.nCU  solmion.  specific  gravity  i.a.  The 
beaker  is  then  covered  with  a  glasi  plate  and  allowed  to  stand  from  two  to  three 
days  in  a  cool  place.  The  precipitate  i*  then  collected  on  a  small  dry  weighed 
paper,  nachcd  wiib  the  filttaie,  then  allowed  to  drip  perfectly;  the  crj-slals  are 
washed  with  at  little  alcohol  as  possible  until  no  more  chlorine  reaction  i'  obtained. 
and  dried  ai  100'  C,  and  then  weiiched  One  hundred  pans  of  the  precipitate 
of  the  creatinin  line  chloride  equal  6244  parti  of  creatinin:  instead  of  weighing, 
(he  creatinin  may  be  dctermiiieil  voliunetricalty  by  determining  it»  oilrogen. 
Fotin  ha*  published  a  oolorimel ric.  '];i.iiililalivc  method  liaied  on  JalTi's  test," 
Oxyprotelnic  and  Alioxyproteinic  Acid*."— The  fint  of  these  bodie*  was 
isolated  by  Gottlieb  and  Bond«yii,»ki.  and  the  latter  by  Bondryif'ki  and  Panck. 
AUhoueh  tliMe  bodies  have  not  been  sufficiently  studied  a»  yet,  and  already  some 
liave  been  unable  to  confirm  this  work,  yet  their  pmence  in  normal  urine  i»  claimed 

■  Am.  Jour,  of  In.^anity.  e905 

■  Bondiyn'ski  and  PaneV,  Ber.  d.  d.  chcm.  Geaell,  1902,  vol.  xxxy.  p.  295* 
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to  be  siiSimnt  in  amouiii  to  explain  ull  or  iiuitc  nil  of  the  nfiilral  itilplmr.  witich 
r«ndcn  ilwm  verj*  intercsiing.  These  wriiera.  however,  alio  think  the  oxyprirteinic 
add  cxpUins  Elirlich's  Du>o  reaciion  (>.ec  page  151).  Their  su1|ih»r  coiilciit  is 
•bout  0  per  ocnL  TIie>-  »i*nd  ilie  nciire^i  lo  proteid  of  all  the  pinducis  of  proicid 
loctabolisni,  and  y*i  give  none  of  the  proicid  rrjiciions.  In  anioimi  of  Uie  alloxy 
proteinic  »cid  arc  excreted  about  i.i  gin*,  per  day.  the  oxyproicinic  acid  in  about 
three  limes  that  amount. 

THE  INORCAXIC   ACIDS  AND  BASES 

The  Chlorides  ar«  one  uf  ihc  most  important  groups  of  so]ids  in 
point  of  amuuni  i'ouikI  in  ilie  urine.  Measured  as  soilium  cliluride, 
there  are  excreted  in  twenty-four  hours  from  10  to  15  gms.,  seldom 
more.  Chlorine  is  pr^-scm  in  in<ircanic  salts,  the  little  claimed  in 
organic  c^npuunds  being  niucii  disputed,  but  with  die  weight  of  c\4- 
dcnce  against  it.^* 

Tlie  source  of  the  chlorides  is  the  foorl.  The  amount  excreted  de- 
pends in  llie  first  jilacc  upon  the  anioiint  ingested.  Starvation  will  re- 
duce them  to  a  trace.  More  ia  cNcreied  during  the  day  than  during  the 
night.  Chlorine  is  increased  by  increasing  the  water  output  and  by 
active  exercise.  It  is  diminished  ffDUi  loss  of  fluid  by  diarrhcca  or  by 
x'omiting;  also  by  transudate  and  exudate  formation,  and  increased  as 
these  fluids  are  rcabsorl>cd.  provided  the  absorption  be  rapid.  In 
fevers  it  is  diminished  in  a  remarkable  way.  especially  toward  the  crisis, 
following  which,  its  increase.  Sahli  considers,  is  as  iniporlam  a  sign  of 
improvement  as  the  lowering  of  the  temperature:  in  imcunionia  some 
think  the  rise  may  be  the  first  sign  of  inipntvement:  its  entire  absence 
n  serious  sign.  A  great  diminution  or  absence  of  chlorides  in  the 
urine  in  a  doubtfii!  fever  strongly  suggests  pneumonia,  .\fter  the 
crisis  the  output  soon  reiunis  lo  nontial.  The  explanation  is  not  clear. 
The  drop  is  not  due  to  the  diet,  .'^ince  an  increase  in  the  amount  of 
chlorine  ingested  is  not  followed  hy  a  corresponding  rise,  as  normally. 
Among  the  reasons  given  are.  that  during  fever  the  catabnlism  is  of 
those  proieids  poor  in  chlorine;  but  it  is  found  that  chlorides  per 
month  or  injected  suljcutancously  arc  also  retained  in  the  body :  others 
say  that  they  are  retained  in  the  exudates  present,  or  again  with  rc- 
taine<l  water;  but  the  retention  of  the  water  is  itself  a  much  disputed 
point.  Sahli  considers  that  all  these  factors  arc  present.  .\  great  deal 
of  experiment  has  recently  been  done.  There  certainly  is  a  definite  re- 
tention of  chloritles.  but  the  reason  is  not  the  lack  of  alworption  nor  the 
food.  Tlic  chlorine  is  not  iiicrc'ase<l  in  ihe  blood,  but  is  accumulated 
■ti  the  other  fhiiils  of  the  body  and  in  the  tissues,  being  Increased  in  the 
tissues  of  some  cases  with  marked  renal  insutlieicncy  to  even  four 
times  the  normal  (.'Xchard  and  Laubry).  Van  der  Bergh  *'  explains 
it  as  an  attempt  of  the  blond  to  maintain  its  osmotic  tension,  there 

■  Ville  and  Moitciticr.  Compl.-rcnd.  Soc  it  Bbl..  liii.  p.  673. 

■  M.  J.,  vol.  xxjii. 
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being  an  accumulation  of  the  products  oi  metabolism  in  the  plasma 
due  to  a  slight  insufficiency  of  the  kidne)-.  which  increases  the  osmotic 
tension  of  the  blood,  hence  the  chlorides  do  not  enter  the  circulation, 
but  remain  fixed  in  the  tissues.  After  convalescence  has  begun  there 
is  a  sudden  return  to  nonnai  which  Achard  and  Laubrj-  name  a 
"  chlorine  crisis."  The  sulphates  and  the  phosphates  do  not  return  to 
normal  at  the  same  time.  To  these  chlorine  crises  is  attributed  a  prc^- 
nostic  value. 

We  have  examined  the  records  of  thirty-four  cases  of  pneumonia  in  this 
hospital.  It  is  our  routine  in  almost  every  case  of  pneumonia  (all  on  a  pure  milk 
diet,  tsoo  cc.  q.  d.)  to  determine  the  total  amount  of  the  chlorides  daily.  Six  of 
these  cases  were  with  crisis.  In  two  ihe  chlorides  showed  a  drop  toward  the 
crisis.  In  one  case  the  crisis  was  preceded  by  a  rise.  In  the  other  cases  the  rise 
b^an  with,  or  even  four  or  five  days  later  than,  the  fall  in  temperature.  In  these 
very  few  cases  it  will  be  seen  that  we  obtained  very  little  prognostic  value  from 
the  determination  of  the  chlorides.  In  no  case  were  the  chlorides  entirely  absent 
The  average  on  the  day  before  the  crisis  was  1.3  gms.,  varying  from  07  to  2.1  gm». 
The  greatest  rise  began  on  the  fifih  day  after  the  crisis,  on  which  day  it  varied 
from  3.8  to  4.9  gms. 

Of  twenty-two  cases  of  lysis,  in  seven-tenths  of  the  cases  there  was  a  dn^ 
toward  lysis.  In  two-tenths  the  chlorides  began  to  rise  one  to  two  days  before  the 
temperature  began  to  fall.  On  the  first  day  of  the  lysis  in  ten  cases  there  was 
above  I  gm.,  an  average  of  2.6  gms..  and  in  one  case  9  gms.  In  three  cases  they 
were  absent  before  defenescence.  and  in  two  cases  during  the  fall  of  temperature, 
hence  in  these  cases  entire  absence  was  not  a  bad  sign.  They  wei^  lowest  during 
the  drop  in  one-third,  and  just  before  the  temperature  began  to  fall  in  two- 
thirds  of  the  cases.  They  b^an  to  rise  with  the  lysis  in  just  one-half  of  the 
cases.  The  chief  rise  began  after  the  temperature  had  reached  normal.  It  was 
then   rapid. 

In  five  fatal  cases  the  chlorides  fell  steadily  until  the  end  in  three  and  rose 
in  one.    In  one  case  death  was  preceded  by  six  days  of  entire  absence  of  chlorides. 

In  one  case  of  delayed  resolution  the  chlorides  Here  interesting.  Nineteen 
determinations  were  made  during  a  period  of  twenty-two  days.  The  lowest  amount 
was  4.3  gms..  and  this  occurred  after  the  lysis.  For  the  most  part  they  varied 
from  about  s  lo  10  gins,  per  day,  hence  in  this  case  there  was  comparatively  little 
retention. 

In  those  cases  in  which  the  (all  in  temperature  is  succeeded  by  several  days 
of  very  slight  fever  the  chlorides  do  not  rise  until  the  lemperalure  is  about 
normal.  In  cases  with  a  normal  temperature  but  with  a  continuous  slight  leuco- 
cyiosis  they  did  not  rise  until  this  had  fallen  below   lo.OOO. 

After  chloroform  inhalation  the  chlorides  are  increased.  In  dia- 
betes insipidus  there  is  a  marked  increase  with  the  polyuria.  In  all 
chronic  diseases  there  is  a  decrease  which  may  be  due  to  disturbed 

absorptitjn.  or  to  the  diet,  or  to  the  condition  of  the  kidneys. 

In  gastric  disea5;e  the  chlorine  is  diminished  when  there  is  con- 
siderable vimiiting;  when  absorption  is  diminished,  as  in  malignant 
pyloric  stricture;   ami  when  lost  by  lavage  or  diarrhcea. 

In  chronic  diseases,  if  the  output  becomes  as  low  as  2  gms..  and  the 
diet  canivit  explain  this  drop,  it  is  an  ominous  sign,  and  the  cessation 
of  chlorine  one  of  oncoming  death.     It  is  said  to  aid  in  the  differen- 
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(iat  diagnosis  between  meningitis,  in  which  the  output  is  very  low.  and 
ty)>hoid,  where  it  is  only  moderately  low.  There  is  a  marked  dimiim- 
tion  in  cholera.  pya:mia.  pitcr|jcral  fever,  and  acme  articular  rheuma- 
tism,    In  cirrhosis  of  the  hver  it  is  said  to  be  increased. 
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Tlw  relmliun  in  nephritis  hai  aliracWd  eiju-dal  allciiiion.  partkulnrly  in 
view  of  (he  rcvrnt  work  of  Wiilai  ami  nilim  concerning  icdcma.  Their  explflna- 
tion  ii  thai.  ([i»i'n  a  «lif;ht  reiial  insufficiency,  there  may  be  a  ^pedfic  retemion  of 
cbloridct,  ihc  output  of  oiher  iolid>  remaining  normal.  Thc>ie  chlorides  are  re- 
UiiKd  l>y  the  iiuu»  and  llicre  retain  water,  Ihui  leading  lo  tclcma  By  "  cblor* 
nrKinifi"  n  meant  r  partial  renal  inMiRieiency  (r>r  chlnrine  elimination,  with  a 
rapidly  (lcveto|>ing  general  icdema,  low  CI  onipm,  nntl  increased  albumin  in  the 
urine.  It  i»  rather  hard,  on  this  basil,  lo  explain  the  absence  of  CFde:na  after 
even  a  week  of  total  iiipprc«sion  of  the  urine  <lvie.  e.g..  to  calcnius,  or  in  those 
CBKci  in  whieh  at  operation  the  only  functionmi;  ku.lney  in  removed.  The  injection 
of  phyaiolofrical  lalt  *oliilion  datt  noi  seem  in  rau«e  irilema  (perhaps  since  so 
diluic).  and  »cems  even  lo  im(irnve  the  condition  of  ihe  ca»e  (Ferranninil,  but 
if  increased  albumin,  slight  hematuria,  and  lomciimci'  urxmic  convulsions  follow 
(he  injection  immediately,  we  cannot  consider  the  injection  hannless.  We  have 
re|>e4ied  this  work  iriih  varying  incceis.  Init  ii*iih  none  if  the  water  intake  be 
also  controlled  This  amount  of  salt  makes  the  patient  very  thirsty  and  he  con- 
sumer much  more  uuicr,  Acliard  and  Loeper  (otiiid  that  it  to  gmt.  of  sodium 
chloride  be  given  per  mouth  in  nrnie  nephriiit,  little  or  none  of  the  ingested 
ctiloiine  i^  excreted,  the  chlondct  rcmaiiiinK  low.  from  I  to  1  gint,  per  day.  In 
subacute  ncphritii  with  4  to  10  gnu.  before  Ihe  dose  there  is  a  slight  increase, 
white  in  interMiiitil  nephritis  with  ,18  to  .1,4  gins  output  the  moM  of  thai  given  ia 
excreted.    In  urarmic  conditioni  there  may  be  liiile  or  none  excreted. 

EsTiMATios. — A  rough  estimation  of  the  amount  of  chlorides 
is  made  in  the  following  way:  To  a  test-tube  of  clear  urine  which 
contains  no  aJInimin  10  drops  of  pure  nitric  acid  are  added  and  then 
one  drop  of  AgXO,(  1:8).  If  tlie  chlorides  are  normal  or  incrcascil 
the  precipitate  is  a  compact  hall  which  sinks  to  the  bottom.  If  dimin- 
ished, this  ball  is  less  onipacl :  if  much  diminished,  uniil  only  a  cloud 
is  produced  without  solid  Hakes.  If  the  last  lie  true,  that  is.  a  cloud 
merely,  it  means  a  chloride  content  of  o.I  per  cent,  or  less, 

Quantitative  Determinatios. — The  I»est  method  is  .-Xmold's 
modifkation  of  V'olhardt's  method.  With  the  chlorides  are  estimated 
Iso  the  minute  trace  of  cyanides.  The  principle  upon  which  the  test 
rests  is  the  precipitation  of  hydrochloric  acid  hy  silver  nitrate  in  a 
solution  made  strongly  acid  by  nitric  acid.  An  excess  of  silver 
chloride  is  added,  and  after  the  precipitate  is  filtered  out  the  excess 
of  silver  is  determined  hy  titration  with  ammonitim  sulphocyanate. 
The  urine  should  contain  nt>  nitrites,  and  most  observers  add  also,  no 
albumin  or  albnmose.  since  these  arc  precipitated  as  silver  albumi- 
nates. If  albumin  be  present,  it  m.ny  be  necessary  lo  asli  the  urine 
(N'enbauer's  mctlmd).  Hammarsten  rccnmmenrls  that  the  albumin 
be  removed  by  Imiling  with  a  trace  of  acetic  acid.  If  this  be  done, 
however,  ihe  precipitate  mu«t  be  washed  for  some  lime  in  order  tliat 
(he  abiwulant  chlorides  retained  in  the  precipitate  may  be  regained. 
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Solutions  necessary: 

( 1 )  AgNOj,  I  cc.  equals  lO  mg.  of  NaCl.  The  pure  crystalline 
AgNOj  is  used,  i  litre  to  contain  29075  gms.  "of  the  salt. 

(2)  Cold  saturated  solution. of  iron  ammonium  alum,  or  ferric 
sulphate,  chlorine  free  (50  gms.  of  FejOo  per  litre). 

(3)  HNOj.  Specific  gravity  1.2,  chlorine-free.  If  chlorine  be 
present  the  acid  should  be  distilled.  The  nitrous  acid  should  be 
removed  by  urea. 

(4)  An  ammonium  sulphocyanate  solution,  10  cc.  of  which  will 
equal  10  cc.  of  the  silver  nitrate  solution.  To  obtain  this,  12.9  gms. 
of  the  NHjSCN  are  weighed  and  dissolved  in  a  little  less  than  one 
litre  of  water,  and  well  mixed.  Twenty  cc.  of  the  silver  nitrate  solu- 
tion, 5  cc.  of  the  iron  alum,  and  4  cc.  of  nitric  acid  are  mixed  in 
a  flask  and  then  diluted  to  100  cc.  The  ammonium  sulphocyanate 
solution  is  then  added  from  a  burette.  The  first  precipitate  is  brown, 
which  at  once  gives  place  to  a  white  precipitate  of  silver  cyanate;  the 
brown  ferric  cyanate  remains  only  after  the  last  particle  of  silver  has 
been  precipitated.  The  end  reaction  is  very  sharp.  The  solution 
should  then  be  diluted  the  necessary  amount  and  the  fluid  again  tested 
to  make  sure  that  10  cc.  of  the  silver  nitrate  solution  equals  10  cc. 
of  the  ammonium  sulphocyanate.  Others  recommend  (v.  Jafcsch) 
that  this  latter  solution  be  so  made  up  that  25  cc.  will  equal  10  cc.  of 
the  silver  nitrate,  while  others  that  20  cc.  equal  10  of  the  silver  nitrate. 

In  Arnold's  method  10  cc.  of  urine  are  carefully  measured  with  a 
pipette  into  a  flask  on  the  neck  of  which  is  a  100  cc.  mark.  Then 
are  added  20  to  30  drops  of  nitric  acid  and  2  cc.  of  the  iron  alum 
solution.  If  necessary  a  few  drops  of  8  per  cent.  KMn04  are  added 
until  all  red  color  disappears.  The  silver  nitrate  solution  is  then 
slowly  run  in.  constantly  shaking  the  flask  until  one  is  sure  that  all 
the  chlorine  has  been  precipitated  and  that  there  is  an  excess  of 
silver.  The  flask  is  then  allowed  to  stand  for  about  ten  minutes  and 
then  filled  to  the  100  cc.  mark  with  water.  This  should  then  be- 
mixed  very  thoroughly.  There  should  be  an  excess  of  iron,  other- 
wise the  nitric  acid  can  decolorize  the  ferric  cyanate,  but  this  excess 
of  iron  causes  a  brown  rather  than  a  red  color  in  the  end  reaction. 
It  is  usually  safe  to  add  20  cc.  of  the  silver  solution,  while  others 
recommend  that  15  cc.  be  used.  In  general,  a  considerable  excess 
gives  the  best  results. 

After  the  observer  is  sure  that  the  contents  of  his  100  cc.  flask 
is  thoroughly  mixed,  it  is  then  filtered  through  a  dry  filter  until  50 
cc.  of  clear  filtrate  are  obtained.  This  is  titrated  with  the  ammonium 
sulphocyanate  solution  until  the  end  reaction.  The  amount  used  in- 
dicates the  excess  of  the  silver  solution  in  50  cc.  of  filtrate.  This 
amount  multiplied  by  2,  since  only  one-half  of  the  filtrate  was  used. 
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and  subtracted  from  ilie  tuini'ier  of  cubic  ceiilimeires  of  silver  nitrate 
originally  a<l<k-<l,  will  give  the  inimlicr  of  cubic  centimetres  of  -iilvcr 
iiilraie  actually  precipitated  by  the  chlorides  nf  tbt  urine.  This 
muliijilied  by  lo  nig.  will  give  the  weight  of  the  chlnrine  .is  sodium 
chloride  in  the  amount  of  nrine  used. 

Soinc  add  tlic  iron  ahini  <.u1uti<in  to  the  50  cc,  of  filtrate,  not  before. 
A  much-jaumltce<l  urine  shonld  be  decolorized  by  adding  a  few  drops 
of  potassium  jjcmianganatc  and  nitric  acid.  The  urine  is  then  warmc<l, 
allowed  to  stand  for  a  few  minute;^,  and  filtered. 

Liitkc  Method. — In  this  method  a  tenth-normal  silver  nitrate  sohi- . 
tion  is  oljtaincd  by  dissolving  17.5  gms.  of  the  silver  nitrate  in  alKJut 
900  cc.  of  25  per  cent,  nitric  acid,  T<i  this  15  added  50  cc.  of  a  lO 
per  cent,  iron  alum  solution.  The  whole  is  then  diluted  to  c-wctly 
t  litre  with  water.  A  tenth-nomial  ammnnium  snlphocjanate  solution 
is  obtained  by  dissolving  7.6  gins,  of  tlic  salt  in  a  little  less  than  a  litre 
o(  water  and  then  titrating  this  against  the  silver  nitrnle,  thus  deter- 
mining its  present  sln-ngth.  and  tlicn  diluting,  that  10  cc.  of  the  one 
may  equal  10  cc.  of  the  other.  Since  the  silver  solution  is  weaker, 
at  least  25  cc.  is  usually  the  amount  used  to  give  an  excess.  This 
method  has  the  adontagc  of  combining  the  three  solutions  in  one. 
The  mathematics  involved  is  a  dis;id vantage,  since  i  cc.  of  the  silver 
nitrate  solution  etjuals  .00585  gms.  of  NaCl. 

Tli«  Purdy  method  cannot  compare  for  accuracy,  and  is  almost  as  hard. 

To  to  cc.  nf  urine  in  a  graditnied  15  cc.  cemrifugc  ttibc  nre  a<ldrd  15  drops 
of  HNOfc  then  .\kHO,  soliuion  10  the  15  mark.  These  are  well  mixed,  then 
centrifugal iMd  (or  ihree  period!  of  five  niimttes  each  at  t<»o  rcvohiiiotn  a  minute. 
The  pcrcvntaEC  of  chlorides  may  tlieii  be  read,  ii«in|[  a  tabic  of  value*  given  in  the 
lait  edition  of  hii  book.  Thii  loliime  o(  the  precipitate  is  then  by  no  means  the 
sniall^o.  a*  a  little  longer  ccnirifug«]ization  will  show, 

Phosphates — Phosphoric  acid  occurs  in  the  urine  of  man  in  con- 
sidcraltle  amount,  antl  is  often  encountered  as  the  precipitate  in  an 
alkaline  urine,  a  constituent  of  soitie  of  the  most  common  crystals,  and 
the  principal  ingredient  of  some  of  the  commonest  stnncs.  In  addition 
to  the  mineral  phosphate  there  is  always  a  little  phosphorus  in  organic 
combination. 

Tlie  amount  weighed  as  PjOj  in  the  urine  of  an  adult  is  from  i 
to  5  gms.  in  twenty-four  hours,  with  an  average  of  about  3.5  gms. 
The  earthy  phosphates  are  estimatetl  as  i  to  1.5  gms..  the  alkaline  from 
a  to  4  gins.  It  varies  chiedy  with  the  food,  especially  with  its  coiuent  of 
calcium  and  magnesium,  since  these  in  the  intestines  form  insoluble 
phosphates,  which  arc  little  absorbed,  hence  the  output  may  be  less 
than  one  gramme.  It  is  for  this  reason  that  in  certain  of  the  licrbivora 
phosphoric  acid  is  present  only  in  a  trace.  It  is  important  in  meta- 
bolism experiments  to  control  the  diet  carefully,  that  one  may  be  sure 
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that  an  approximately  constant  amount  will  Iw  absorbed.  Ehrstrom 
considers,  however,  that  ilie  calciiini  of  the  food  is  not  as  important 
as  early  studies  led  one  to  believe,  and  thinks  that  acid  calcium  phos- 
phate can  be  absorbed  in  considerable  amounts.  Xevertlieless,  from 
the  stools  he  coukl  recover  from  12  to  50  per  cent.,  an  average  of 
30  per  cent.,  of  the  toial  phosphorus  inge.sted. 

The  phosphates  arc  increased  hy  an  increased  metabolism  of  the 
body  tissues,  and  also  by  a  nuclein-rich  diet.  The  amount  from 
this  source,  however,  is  small,  lliey  are  increased  by  hard  muscular 
wori<.  In  starvation  the  phosphorus  falls  a  little,  yet  more  is  excreted 
relative  to  the  nitrogen,  and  in  this  condition  the  relative  value,  that 
is  PoOr,  divided  by  N,  c<|uals  0.18.  Ehrstrom  fonnd  tlL-Jt  the  i>hos- 
phorus  was  not  excreted  parallel  to  the  nitrogen.  In  dogs  on  a  pure 
meat  diet  the  nitrogen  is  to  the  phosph'iric  acid  as  8.1  ;  i. 

Clinically  the  phosphates  have  l>ecn  the  subject  of  much  disaission. 
They  are  stated  to  lie  increased  in  extensive  disease  of  Ijones,  that  is. 
rickets,  osteomalacia,  diffuse  periostitis,  and  otiwrs;  concerning  each 
of  these  diseases,  however,  there  is  3  great  dispute:  in  destructive 
disease  of  the  lungs,  especially  early  tuberculosis ;  this  group  of  cases 
also  is  open  to  considerable  doubt,  the  coincidence  of  disease  and 
increased  phosphoric  acid  output  being  considered  accidental.  The 
same  may  be  said  of  extensive  disease  of  the  nervons  system.  In 
mental  disease  Folin  ami  Shaffer  '"  found  that  during  the  periods  of 
excitement  the  relative  amount  of  phosphoric  acid  was  diminished, 
but  absolutely  there  was  liitle  change.  They  consider  that  the  phos- 
phorus metalxilism  of  the  brain  is  disturbed  on  the  excited  ilays,  and 
that  there  is  a  compensatory  increase  on  good  days.  It  is  also  in- 
creased in  meningitis,  yellow  atrophy  of  the  liver,  in  dialwtes  mellitus 
and  insipidus,  after  the  use  of  chloral,  Klir,  and  lastly  in  phosphorus 
poisoning. 

They  have  been  found  diminislied  in  acute  diseases,  for  instance  in 
pneumonia,  during  the  height  of  the  fever:  this  is  true  especially  of 
the  eanhy  phosphates,  which  point  Gouraud  considers  may  aid  in 
the  differential  diagnosis  between  tuberculous  processes,  in  which 
case  the  earthy  phosphates  arc  increased,  and  pneumonia.  At  the 
crisis  comes  a  sharp  rise,  bnt  one  not  always  simuhaneous  with  the 
rise  in  nitrogen  and  chlorine,  while  the  ratio  between  the  earthy  .ind 
the  total  phosphates  increases  considerably.  In  one  case  of  typhoid 
fever  the  total  PjOj  rose  after  defervescence  from  t.$  to  13  gms. 
The  output  of  phosphoric  acid  in  fevers  is  nm  ,nt  all  parallel  to  that 
of  chlorine,  and  there  occur  sudden  large  outputs  which  are  inde- 
pendent of  the  diet  (v.  Jaksch  has  found,  however,  that  in  the  acute 
lobar  pneumonia  of  children  there  may  lie  increased  phosphoric  acid). 
"Amer.  Jour,  Phyt,  vol,  vii.  p.  IJS- 
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It  is  (liminislicd  in  most  chronic  diseases:  in  all  renal  tliscascs, 
due  it  is  supposed  to  the  renal  insufTiciency,  Punly  stating  that 
the  diminution  in  phospliates  is  almost  as  constant  a  fealtirc  as 
albuminuria;  pregnancy,  in  which  case  it  is  attributed  to  the  fetal 
bone  foniiation :  gout,  in  which  disease  the  line  of  phosphoric  acid 
runs  <|uite  parallel  to  that  of  uric  acid.  Certain  cases  have  been 
rcportwl  in  which,  without  any  sugar  output  but  with  all  the  symptoms 
of  diabetes  niellitus.  there  is  a  phospluite  excretion  of  even  as  high  as 
lo  gms.  in  twenty-four  hours.  Such  are  cases  of  the  so-called  "  phos- 
phatic  dialictes."  To  deserve  this  name  the  output  should  he  at  least 
3.5  to  4  gms.  per  day.  Others  do  not  agree  with  Teissier  that  these 
cases  resemble  dia1>etes.  but  say  nenraslhenia.  In  some  cases  this 
is  simply  a  tcinporary  absence  of  the  sugar  which  later  appears,  and  as 
the  phosphates  lall.'"  A  relative  increase,  fonnerly  also  passing  under 
this  name,  in  which  PjOa  :  N  :  :  17  to  20  :  100.  occurs  in  malnu- 
trition and  starvation. 

(  For  pluisphaturia.  see  page  97.) 

The  organic  phosphorus  has  licen  found  by  Mandel  and  Oertel  not 
to  be  influenced  by  a  phosphonis  rich  diet.  They  considered  that  its 
output  Is  a  good  in(le.\  "f  tissue  calabolism. 

There  are  four  groups  of  phosphate  salLs, — the  diacid.  monacid, 
normal,  and  basic, — the  salts  varying  in  solubility  in  the  order  in 
which  they  are  stated,  tlie  diactil  being  the  most  soluble,    llie  mnuacid 
salts  of  calcium  and  magnesia  are  precipitated  when  the  urine  is  made 
alkaline.    On  healing  the  urine,  a  flocculent  precipitate  of  the  nonnal 
salts  is  often  seen  (basic,  v.  Jaksch).  wliich  must  not  be  confused 
with  the  albumin  cloud.     It  has  been  found  that  this  precipitate  on 
I       heating  is  always  the  calciutn  phosphate  with  a  trace  of  CaOx  and 
I       CaSO,.  but  never  magnesium,  since  the  calcium  salts  are  more  in- 
soluble iJian  the  magnesium  salts. 
I  In  letikwniia  White  and  Hopkins""  have  found  an  absolute  and 

[  a  relatively  (to  nitrogen)  diminished  output,  and  ihey  suggest  a  relen- 
I  lion  of  the  jihosphoRis  in  the  blond  to  buiUl  new  leucocytes.  In  the 
I  new-born  the  proportion  between  nitrogen  and  phosphoric  acid  is  from 
L  5  to  8  :  I. 

^B      Of    the    normal    jihosphates    that    of    greatest    interest    is    the 
^^  MkXH,PO,6HjO  in  the  licauiiful  cofRn-lid  crystals  of  triple  phos- 
.       phaie,  which  occur  in  all  alkaline  or  am])iioteric  urines  containing 
enough  ammonia. 

Tlic  acidity  of  the  urine,  although  due  tn  many  acid  components 
and  to  an  unknown  degree  to  each,  is.  however,  chiefly  due  to  the 
phosphates.     Normally  60  per  cent,  of  the  phosphoric  acid  is  present 

"  See  Ralfe.  L.incft.  M.iKh  5.  1887, 
■Jounial  o(  Plijsiology.  vol.  xxiv.  p.  42. 
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as  diacidpliospliate,  and  40  per  cent,  as  the  nionacid  salts,  but  the 
former  varies  from  34.9  to  74,2  per  cent.  In  general  it  may  be  said 
that  the  urine  is  amphoteric  if  the  diacid  salts  are  from  30  to  50 
per  cent,  and  the  nionacid  from  70  to  50  per  cent,  of  the  whole. 

A  common  test,  allowing  an  approximate  determination  of  the  phosphates, 
is  made  by  tilling  a  test-tube  half  full  of  filtered  urine,  adding  ammonia,  warming, 
and  then  allowing  it  to  stand.  If  in  from  eighteen  to  twenty-four  hours  the  deposit 
is  from  one-fourth  to  one-halt  inch  deep  the  amount  is  normal,  if  less  it  is 
diminished.  This  is  a  precipitate  of  earthy  phosphates.  These  are  then  filtered 
away,  all  of  the  filtrate  put  in  the  test-tuhe,  and  one  finger's  breadth  of  magnesium 
mixture  added.  The  urine  is  then  warmed  and  the  precipitate  of  alkaline  phos- 
phates allowed  to  settle.  If  during  the  same  length  of  time  the  sediment  is  from 
one-half  to  three-fourths  inch  deep  the  amount  is  normal. 

The  urine  may  be  cleared  of  phosphates  by  precipitation  with  basic  or  neutral 
lead  acetate. 

Quantitative  Determination. — Uranium  nitrate  method. 

Phosphoric  acid  as  a  diacid  salt  is  precipitated  by  uranium  nitrate, 
and  if  cochineal  be  used  as  indicator  the  first  excess  of  the  uranium 
salt  will  give  with  it  a  green  compound  which  serves  as  the  end  reac- 
tion. Uranium  nitrate  is  preferable  to  the  acetate,  since  its  solutions 
are  more  stable,  but  even  the  nitrate  is  none  too  stable,  and  should  be 
frequently  restandardized.  Since  free  nitric  acid  is  liberated  in  the 
reaction,  and  this  will  dissolve  a  certain  amount  of  uranium  phosphate, 
so<hum  acetate  is  added  in  excess ;  and  that  all  the  phosphoric  acid 
may  be  present  as  a  diacid  salt,  acetic  acid  as  well.  The  boiling  urine 
should  be  titrated,  since  the  end  reaction  is  quicker  and  sharper,  giving 
a  more  decided  green. 

Neubauer  recommends  that  for  greater  accuracy  the  urine  be  precipitated 
with  magnesium  mixture  and  the  precipitate  washed  on  a  small  filter  with  dilute 
ammonia  (water,  3  vols.,  10  per  cent.  NH.OH,  i  vol.).  The  precipitate  is  then 
dissolved  in  acetic  acid,  diluted  to  50  cc.  with  water,  and  the  titration  continued 
as  with  the  urine.     The  results  obtained  are  somewhat  lower. 

Albumin  and  sugar  may  be  present.  The  titer  changes  with  the  volume  of 
reagent  used.  For  instance,  if  20  ec.  are  used,  t  cc.  will  indicate  4.98  mg,  PiOi; 
21  cc.  5  mg. ;  40  cc.,  5.14  mg.  Hence  the  uranium  nitrate  fluid  should  be  stand- 
ardized against  a  phosphoric  acid  -solution  of  about  the  concentration  of  normal 
urine. 

The  fluids  necessary  are.  i.  a  phosphate  solution  50  cc.  of  which 
contain  o.i  gm.  of  P2O5.  This  is  so  difllicuh  to  prepare  that  we 
recommend  that  it  be  purchased  from  those  chemists  who  make  a 
specialty  of  such  work.     This  is  the  standard  sohition. 

2.  A  solution  containing  100  gms.  NaAc  and  30  girts,  acetic  acid 
in  I  litre  of  water.  Five  cc.  of  this  fluid  added  to  50  cc.  of  urine 
will  keep  all  the  phosphates  in  tlie  diacid  condition  and  prevent  the 
presence  of  free  nitric  acid. 
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3-  An  alcohol  cochineal  extract;  the  ground  cochineal  insects 
digested  in  ^5  per  ccni.  alcohol. 

4.  LTanium  nitrate  Holiilion.  i  litre  of  whicl)  con^ain$  35.-t6i  gms. 
of  COjiNOflfB^H.O.  Tliis  solmimi  is  siamlardizcd  against  solution 
I.  Tliree  gnis.  of  NaAc  arc  addcil.  since  this  salt  always  cimtains 
some  free  nitric  acid.  One  cc.  ■>{  ihis  >ohition  will  indicate  5  mg. 
PjOfi,  hcnci:  jo  cc.  should  give  the  end  reaction  with  exactly  50  cc. 
of  solution  I. 

To  50  cc.  of  the  standard  pliospliate  .whilion  are  added  5  cc.  of 
solution  2,  then  a  few  drops  of  the  cxrhineal  tincture.  The  amount 
of  indicator  ad<lcd  is  of  moment,  and  a  nither  strong  solution  is  de- 
sirable. This  in  an  Irlrlcnnieyer  llask  is  brrmght  to  the  bniling  point. 
The  uranium  solution  is  then  added  In  the  Ixnling  fluid  in  small 
anioun(».  slinking  constantly,  .-\fter  each  additimi  the  precipitate  is 
allowed  to  settle  somewhat  and  the  liottom  of  the  flask  studied  for 
the  first  trace  of  green  precipitate,  the  end  reaction,  which  will  first 
settle  here.  Having  determined  huw  much  of  this  solution  will  exactly 
precipitate  the  phosphoric  acid  of  50  cc.  of  solution  N'n,  1  it  is  dien 
diluted  to  approximately  the  proiwr  amount  and  then  again  for  a  final 
exact  correction,  Tweiitv  cc.  of  this  solution  indicate  0.1  gin.  of 
P=06. 

For  the  estimation  of  phosphoric  acid  in  the  urine  50  cc.  of  urine 
c  treated  in  exactly  the  alxjve  manner.  If  very  accurate  results  are 
ilesired  a  table  nf  corrections  for  the  change  in  titer  necessary  for 
the  volume  used  shouki  l>c  at  hand  to  make  the  neccssar)'  changes. 
If  the  urine  Iw  colored  or  jaundiced,  the  enri  reaction  will  not  l>c 
sharp,  and  it  should  he  acidified  with  hyi  In  chloric  acid  or  nitric  acid 
and  decolorized  with  KMnO.,.  The  urine  should  then  again  he  neu- 
tralized. During  the  titration  the  flask  should  l»e  kept  on  the  water- 
belh  or  over  the  free  flame  to  keep  the  fluid  almost  at  the  boiling 
point.  Between  each  addition  the  precipitate  should  lie  allowed  to 
•ntle  that  the  first  trace  of  green  may  be  seen :  the  longer  it  is  allowed 
to  settle  the  sharper  the  end  reaction, 

Iiutezd  of  the  cochincnl  a  10  per  cent.  »o1uiion  of  pottsfittm  ferrocyanide 
■olniiou  Riay  tx  uttA.  In  ilns  casc.  ndcr  varh  ailditiun  nf  uranium  nilralc  tm^ 
drofi  of  di«  hot  lolmion  i*  brought  inio  cont.iei  r>n  s  poKrtam  plntr  with  one 
drofi  of  t\w  r<'a|[<-iii  Tlic  cnit  rmctton  is  a  brown  precipiiatc.  It  ihoiitd  be 
remembered  iFial  (liii  U  nnt  Ili«  tame  «nd  reaction  obtained  i>y  cochincnl,  but  one 
crai^idfrably  UtcT,  hence  in  iininf  ihc  fltiidt  tt  Is  csBentiAJ  itut  one  know  with 
what  initicator  it  u*ai  iiandardiied. 

The  deter  nil  nation  is  very  tatislactory.  and  a  clau  all  using  the  Mine  urine 
fei  very  clone  result*. 

Dktuiuinatiok  nr  thk  Aciurrr  or  tiik  Uhine.— The  acidity  of  the  iiriiic  Is 
M  mucli  due  lo  llie  pcoencc  of  iliacid  p!io«pliaie«  thai  fi>r  many  yenr«  the  deter- 
mination o(  llirw  -jltt  was  the  mmt  .-icYiit.ilc  way  of  determining  the  acidity 

Freuitd't  method  i.i  ba*ed  on  ihe  (ict  tliat  BiiCU  will  precipitate  Ihe  monadd, 
biM  iR  lite  dilute  urine  not  the  dincid  ull     If.  ihereforc.  the  total  phosphoric  acid 
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and  ihe  raonacid  salt  he  lielcrmincd.  the  rfifference  will  be  diacid  phosphate.  Tht 
method  is  not  exact:  the  monacid-salt  figure  will  be  3  per  cent,  loo  great.  For  the 
determination  the  above  solutions  are  used ;  also  one  of  loo  gms.  of  BaQizHiO  to 
I  litre  of  water.  The  total  phosphoric  acid  in  50  cc,  of  urine  is  determined.  To 
75  cc.  of  urine  the  barium  chloride  solution  is  added  till  the  whole  is  90  cc.  The  fluid 
is  then  shaken  well  and  fihered  until  clear.  This  may  mean  repeated  attempts; 
60  cc,  of  the  filtrate  (equalling  50  cc.  of  urine)  are  then  used,  the  phosphoric  acid 
determined  and  subtracted  from  the  tiital.  From  the  monacid  phosphate  is  sub- 
tracted 3  per  cent.,  which  is  added  to  Ihe  diacid.  The  acidity  of  the  urine  is 
expressed  in  terms  of  the  diacid  salts. 

Sulphates. — Sulphur  is  present  in  the  urine  in  three  forms, — (a) 
preformed  or  neutral  sulphates;  {b)  ethereal  or  conjugated  sulphates, 
that  is,  sulphuric  acid  combined  with  aromatic  alcohols,  indoxyl,  ska- 
toxyl,  cresol,  phenol,  ct  al.;  (c)  neutral,  unoxidized,  or  organic 
sulphur.  Weighed  as  SO3,  o  +  &  amount  to  from  1.5  to  3  gms.,  or  an 
average  of  2.5  gms.  of  HjSO^  in  twenty-four  hours,  in  the  case  of 
a  normal  person  on  a  mixed  diet.  As  a  rule,  the  ethereal  sulphates 
are  about  one-tenth  of  the  total  sulphates.  Since  practically  all  of 
the  sulphuric  acid  is  a  product  of  proteid  metabolism,  the  output  should 
be  parallel  to  that  of  nitrogen,  and  the  ratio  between  them  is  quite 
constantly  5:  i  to  5  ( lOO:  19. i  to  20.4,  Folin).  But  this  is  not  exact, 
since  the  sulphur  contained  in  proleids  varies,  and  the  amount  of 
sulphur  excrete<l  in  the  neutral  form  varies  as  well. 

The  total  sulphate  outptit  depends  especially  upon  proteid  metab- 
olism, being  increased  in  all  conditions  increasing  proteid  oxidization; 
hence  there  is  none  in  the  urine  of  the  fcettis.  It  is  especially  depend- 
ent on  a  meat  diet.  It  is  increased  by  exercise,  providing  this 
increases  llie  nitrogen  output  as  well.  It  is  increased  in  fevers,  since 
in  this  condition  there  is  an  increased  proteid  catabolism.  The  in- 
crease is  especially  marked  iti  acute  inflammatory  disease  of  the  brain 
and  cord,  and  in  acute  articular  rheumatism.  It  is  increased  after 
protoplasmic  poisons.  It  is  diminished  <li!ring  convalescence  from  an 
acute  fever  and  in  practically  all  chronic  diseases.  The  amount  of 
total  sulphates  has  very  little  clinical  value. 

The  ethereal  sulphates  are  of  considerable  interest.  While  their 
output  is  subject  to  great  and  inexplicable  variations,  they  may  be 
considered  as  an  accurate  index  of  the  amount  of  absorption  of  the 
prodticts  of  intestinal  decomposition  which  can  pair  with  the  acid. 
They  are  independent  in  great  degree  of  the  neutral  sulphates,  and 
with  the  total  sulphate  their  ratio  varies  so  considerably  that  normal 
limits  cannot  be  stated,  hence  it  is  their  absolute  amount  which  is  of 
more  value  than  their  relative. 

This  amoimt  varies  in  the  first  place  with  the  food.  They  are  in- 
creased in  the  urine  of  a  dog  fed  on  foul  meat ;  are  diminished  during 
hunger  and  long  fasting:  they  arc  diminished  on  a  milk  diet,  in  which 
case  it  is  supposed  that  casein  inhibits  the  bacteria  of  decomposition. 
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■ntestiaal  decoiiipositioii  incu-ascs  tliem  ri.-)aiively  anil  absnhitely. 
U-iis  increase  is  dimiiiislicil  nuidi  by  calomel  and  similar  ilnigs.  The 
Hccoiii)tusiti<>n  of  protciil  furnishes  plieiiol,  crcsol,  imioxyl.  skatoxyl, 
pydrnctiiiiin.  pyntcaiccliin.  ami  several  other  bodies;  the  most  im- 
portant, indol  and  jihenol,  explaining  only  about  one-fifth,  and  a  large 
|wrcentanc  h  still  iinidenti^cd.  'I'hcy  are  increased  by  the  ingestion  of 
aroniitic  bodies,  suv.^  paniciilnrly  of  carliolic  acid.  There  is  almost  none 
in  the  urine  ol  newborn.  The  output  varies  to  a  {jreat  extent  with  the 
hy<lrochloric  acid  of  the  gastric  juice  and  the  sodium  chloride  of 
the  food.  After  hydrochloric  acid  medication  they  are  diminished, 
and  are  increased  by  alkaline  drugs. 

Pathologically,  ihey  are  increaNtd  in  chronic  intestinal  catarrh  and 
iniinished  in  acute.  They  are  increased  sometimes  in  constipation, 
siimctimes  there  is  no  change.  In  a  recent  interesting  case  of  "  black 
urine"  (see  pjigc  94).  from  a  case  of  extreme  constipation,  the  total 
snlphwric  acid  (as  SOg)  was  only  0.147  &'"■  P^""  'oo  cc,  of  urine,  and 
of  this.  57  per  cent,  was  ethereal  sulphate:  die  following  day  the 
lirmc  «as  of  normal  color,  total  SO,,.  0.086  gin.  per  100  cc,  and  50 
r  cent,  of  this  ethereal  sulphate.  They  are  increased  in  those  cases 
with  defective  absorption  from  the  intestine,  as  in  typhoid  fever,  intes- 
tinal lulwrculosis,  and  peritonitis.  They  arc  increased  in  cholera,  but 
during  the  stage  of  reaction  there  may  he  little  or  none  present.  In 
atrophic  liver  cirrhosis  ami  carcinoma  of  the  liver  the  increase  is 
attributed  lo  the  accon)panying  intestinal  catarrh.  They  are  also 
increased  if  decomposition  occurs  in  other  parts  of  the  liody  than 
the  intestine.  It  is  of  interest  that  in  gastric  disease,  even  with  much 
stagnation  and  fermentation,  they  arc  little  afFccted. 
I  The  unojeidized  sulphur  is  supposed  by  some  to  vary  with  the 
amount  and  quality  of  the  food:  by  others  to  have  relation  not  to  fooil 
but  lo  tisane  destruction,  to  be  increased  by  muscular  work,  the  lack 
i  oxygen,  and  the  ingestion  of  various  sulphur  compounds,  including 
le  flower  of  sulphur,  sulphonal,  nicthylmcrkaptnn  and  ethyl  sulphide. 
This  neutral  sulphur,  which  amounts  to  from  14  to  25  per  cent. 
of  the  total  sulphur,  is  pre;*ent  in  two  forms:  alx>ut  20  per  cent,  is  the 
sily  oxidizablc.  which  is  oxidi»d  by  bromine  or  chlorme  fbromine 
better,  since  chlorine  attacks  also  the  taurin  derivatives),  and  the 
diftinillly  oxidizable.  For  the  total  the  residue  must  be  fused  with 
KN'0„,  since  fuming  HN'O,,  doe.«  not  oxidize  all  of  the  neutral  sulphur. 
In  Orstinuria  MCI  plus  KN'O^,  will  oxidize  only  from  30  to  40  per  cent. 
In  jaimdicc  from  24  to  60  ]>cr  cent,  of  the  sulphur  is  neutral,  and  of 
i*  there  is  an  increase  of  .ihout  four  ti>  five  time';  the  normal  propor- 
ion  of  the  difficultly  oxidizablc  form.  In  pneumonia  the  increase  is  of 
te  easily  oxidizahle.  and  tn  liver  disease  the  opposite.  In  cystinuria 
en  45.7  percent,  is  neutral  sulphur  (in  one  of  our  cases  32  percent.). 
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Edsall  *"  carefully  stiulicrl  llie  easily  split  ( by  alkali  )■  sulphur  in  z 
scries  of  cases.  His  results  were  negative.  He  decided  that  cystimi- 
ria  is  the  only  disease  with  an  increase  in  this  sulphur  fraction,  ami 
that  the  relative  propnrtidii  of  these  two  fractions  has  no  chnJca]  value, 

Pctrj'  studied  the  <]ucstit>ii  in  dogs  on  a  known  diet,  and  found  n 
qiiile  coiistani  amount  (5.5  per  icnt.)  of  the  total  sulphur  to  l)c  the 
easily  split.    This  amount  couki  not  at  all  be  inlhieiK'ed  by  tlict. 

Recent  work  by  several  {e.g.,  Bcnedikt)'"  lias  emphasi/ed  the  in- 
dependence between  the  excretion  of  neutral  and  total  snlphur,  the 
former  remaining  almost  coiistaiii  whatever  the  diet.  It  is  suggested 
that  the  neutral  sulphur  arises  in  the  catalmlisni  of  particular  proleids, 

Detection  and  ApfRoxiMATE  Estimatiox. — If  in  a  test-tube 
holding  over  25  cc.  tlic  urine  is  mixed  with  about  one-third  its  volume 
of  an  acid  barium  dilonde  solution  t  UaClj.  4:  HCl.  1;  HjO.  16 
parts),  a  precipitate  of  the  barium  sulphate  is  formed.  If  this  l>e  a 
milky  turbidity,  the  suljjhatcs  arc  nonual;  if  cre;miy,  increased:  if 
merely  a  Iraiislncency,  diminished.  If  allowed  to  settle  from  eighteen 
to  twenty-four  hours,  and  the  precipitate  fills  one-h.ilf  the  concavity 
of  the  tube,  they  are  normal.  The  above  are  the  neutral  sulphates.  If 
this  be  filtered,  and  to  the  filtrate  hydrochloric  acid  be  added  and  the 
whole  wanned,  the  ethereal  sulphates  are  split  and  precipitated. 

Quantitative  Determination  op  Total  Sulpiiukic  Acid. — In 
the  gravimetric  method  the  barium  salt  is  weighed.  The  ethereal  sul- 
phates must  first  be  broken  up  by  heating  the  urine  with  HCl.  'I'ho 
precipitation  must  occur  in  hot  solution  and  in  the  presence  of  free 
acid.  The  best  concentration  for  filtration  is  a  solution  of  not  more 
than  0.1  per  cent,  BaSOj.  The  chief  difficulty  in  the  whole  process  is 
to  rid  the  precipitate  of  the  barium  nitrate,  wliich  it  holds  very  fast, 

Twenty-five  or  50  cc.  of  urine  are  filtered,  diluted  from  two  to  three 
limes  and  from  5  to  10  cc.  of  hydrochloric  acid  per  too  cc.  of  fluid 
added.  It  is  then  heated  to  the  boiling  point  for  about  fifteen  minutes. 
Barium  chloride  is  tiieii  added  in  slight  excess.  llup|>crt  recommends 
that  the  beaker  remain  on  the  water-bath  for  several  hours  until  the 
sujicmatant  fluid  is  |K-rfectly  clear.  It  is  then  allowed  to  stand  oM  for 
twenty-four  hours,  that  the  salt  held  in  solution  by  the  hydnxrhloric 
acid  may  be  completely  precipitated,  for  BaSO,.  so  insoluble  in  water, 
is  somewhat  soluble  in  HCl.  Tlic  clear  fluid  is  then  decanted  through 
a  small  ashless  filter,  the  precipitate  mixed  with  boiling  water,  and 
again  allowed  to  settle  until  clear.  This  decanting  is  continued  until 
the  filtrate  gives  no  clouding  with  silver  nitrate.  The  preciiiilate  is 
then  brought  on  the  paper,  wa.'iheil  with  hot  water,  hot  alcohol  to  re- 
move resinous  matter,  and  then  with  ether.    It  is  warmed,  and  dried  to 

•Univ.  o(  P*ini,  Med    Bull,  iftji.  iti    p   87. 
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loo"  C.  The  precipitate  is  then  separated  I'roiti  ihe  filler  onto  a  piece 
ui  f;lazc<l  paper,  the  I'llter  paper  l>tirnc<l  in  a  jilatininii  spiral,  and  the  ash 
atU:«l  to  the  precipitate.  This  is  then  put  into  a  platiimtti  cnicibie  and 
weU  tniraec).  Tlic  crucible  is  theii  allowed  to  cool,  a  drop  of  sul- 
phuric acid  addcil,  ami  again  brought  t<i  a  rpi!  heat.  It  is  then  cooled 
and  weighed;  a^in  a  drop  of  acid  aildcd,  and  the  alxtve  continued 
until  at  constant  weight.  One  hiin(tre<l  parts  of  BaSO,  equal  34.28 
parts  of  SOj.  41. IJ  of  SO,.  41.99,  HaSO,. 

The  hydrocbloric  »i(l.  It  ii  said,  should  Iw  disillled,  &ince  it  may  coniain  x 
Ittilc  tiitphutic  acid.  Tl)«  crucible  iliould  he  licalcd  by  an  alcohol  llame.  sinvc 
illuRiinatiiiK  |{as  may  c>>iitribuu  lu  \\k  Miljiluir  in  i)ic  crucible.  ElupiK-n  rccom- 
mciidf.  thai,  to  avoid  ihc  lo»  of  a  VT-rtntn  ;im(iujit  of  ihe  BaSO,  by  in  tolubility 
in  MCI.  tlic  KCI  fiTit  I'C  added,  tlK  iirii^c  ilicn  liraicd.  ihrii  diluted  with  water  and 
prcci|>itdied  by  the  [taCU     Iti  litis  way  Wa  hydrochloric  acid  i!i  used. 

The  above  meth()d  is  long  and  tedious.  The  way  recommended  hy 
Dr.  Joties  we  have  fonnil  nnjch  more  satisfacli^ry.  The  precipitation 
ocairs  in  an  F.rlennieycr  lla.sk  covcreil  by  3  watch-crystal ;  the  rinicl 
is  tlien  builetl  vigorously  over  a  free  llame  for  about  half  an  hour.  The 
precipitate  is  then  bmnght  at  once  onto  tlie  filter  paper,  -.ince  there  is 
little  <t.niigcr  of  its  pa.ssiug  through.  The  S,  &  S,  blue  ribbon  filter 
paper  shoiih!  be  used. 

Etuekeal  Sui.i'iiATES. — These  have  been  separated  into  those 
easily  split  and  those  ditlicultly  split,  according  to  wlietlicr  heat  is 
necessary  for  the  cleavage  by  liytlrochloric  acid.  They  are  not  split  by 
acetic  acid. 

The  fi>niier  are  decomposc<l  hy  HO  on  standing  in  the  cold  for 
twenty-four  hours.  Such  arc  compounds  of  indol.,  skato],  etc.  Com- 
pounds of  phenol,  kresol,  cl  »/..  are  decomposed  on  the  water-bath  only. 

Haumanii  recuninicndcd  thai  to  50  cc.  of  urine  be  added  acetic  acid. 
an<l  then  an  erjual  amount  of  water,  anil  BaCIj.  in  excess.  This  is  then 
warmed  over  the  waler-batli  from  a  half  to  tliree-quarters  of  an  hour 
or  tnilil  clear.  It  is  filtered,  washed,  and  ihe  Itltrate  treated  as  for 
the  total.  The  final  weight  will  he  that  of  the  ethereal  sulphate.  To 
save  time,  since  this  precipitate  passes  easily  through  the  filter,  it  is  well 
to  briti^  the  mi.Miire  into  a  measuring  cylinder  and  dilute  to  an  easy 
volume,  anti  then  decant  through  a  filter  a  given  amount  of  the  clear 
8iil>ernatant  fluid. 

Salkowski's  method  is  much  easier  to  apply.  To  50  to  100  cc.  of 
nrine  are  adde<l  an  equal  .tmoimt  of  6a  mixture  ( i  volume  cool 
luituraied  BaClj  plus  2  vMhiines  cool  saturated  Ba(OH)s).  This  is 
then  fillere<l  through  a  dry  litter  into  a  dry  Ijciker.  Fifty  or  100  cc. 
of  titrate  (cqu.i!!ing  25  or  50  cc.  of  the  urine)  are  used.  Hydn> 
chloric  acid  is  adde<l  until  strongly  acid  (15  cc.  to  100  of  the  filtrate) 
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anil  it  is  heated  nearly  to  the  boiling  point.  The  further  steps  are  the 
same  as  for  the  total  suiphur.  Kossel  ■"  has  shown  the  possibility  of 
certain  errors  in  this  method. 

Neutral  Sulphur, — Neutral  sulphur  may  be  determined  in  the 
filtrate  of  urine  used  for  the  total  sulphuric  acid,  but  it  is  much  better 
to  determine  the  total  sulphur,  and  from  this  subtract  the  total  sul- 
phuric acid. 

Total  Sulphur. — Fifty  cc.  of  normal  urine  (or  25  cc.  of  urine 
containing  cystin)  are  evaporated  to  dryness.  To  the  residue  in  a 
silver  crucible  is  added  a  mixture  of  four  parts  potassium  nitrate  and 
I  part  of  sodium  carbonate  (both  sulphur  free),  and  the  whole  burned 
until  white.  The  residue  is  dissolved  in  water  and  poured  into  a  por- 
celain dish,  and  the  crucible  well  washed.  It  is  then  evaporated  at  least 
three  times,  adding  hydrochloric  acid  each  time  to  get  rid  of  the  nitric 
acid,  all  of  which  must  be  removed  since  nitrates  are  carried  down  in 
the  precipitate  and  cannot  be  washed  out.  The  residue  is  then  dis- 
solved in  water,  and  allowed  to  stand,  to  see  if  any  AgCl  separates ;  if 
it  does,  filter.  It  is  better  to  evaporate  the  urine  almost  to  dryness 
before  the  addition  of  oxidizing  mixtures,  since  the  evaporation  occurs 
more  rapidly.  Certain  makes  of  porcelain  crucibles  can  be  used  instead 
of  silver,  but  the  majority  will  break. 

A  method  [heoreiically  much  belter  is  Asboth's  modification  of  the  Hohnel- 
Glaser  method.  In  a  nickel  crucible  are  mixed  about  i  gm.  of  the  dry  residue 
of  the  evaporated  urine,  7.5  gms.  of  soda,  and  10  gms.  of  sodium  peroxide.  The 
mixture  is  then  heated  over  an  alcohol  lamp,  the  flame  of  which  must  not  touch 
the  crucible  until  perfect  fusion.  It  is  (hen  heated  to  a  thin  fluid.  This  is 
allowed  to  cool,  is  dissolved  in  water,  acidified  with  HCl  containing  some  bromine. 
boiled  til!  all  the  bromine  is  driven  off.  filtered  into  a  beaker,  and  precipitated  hot 
with  a  hot  solution  of  BaCl;.  This  method  is  advantageous,  since  no  nitric  acid 
is  used.  On  the  other  hand,  sodium  peroxide  is  a  violent  explosive,  hence  the  mix- 
ture with  soda. 

The  oxidization  is  also  done  by  diluting  the  urine  with  an  equal 
amount  of  hydrochloric  acid  and  then  evaporating  on  a  water-bath, 
from  time  to  time  adding  a  knife-jwint  of  KCIO,,,  When  at  dryness 
more  HCl  should  be  added  and  more  KCIO3,  until  the  residue  on  dry- 
ing does  not  contain  any  brown  particles.  This  method  is  easy,  since 
no  nitric  acid  is  used.  That,  however,  it  gives  the  same  result  as  the 
other  methods  we  decidedly  doubt,  and  are  at  a  loss  to  explain  the 
agreement  which  others  have  foimd. 

In  a  series  of  metabolism  experiments  we  used  always  both  this  and  the  fusion 
with  KNO>  and  soda,  and  were  at  a  loss  to  explain  their  lack  of  agreement.  In 
collating  all  our  result,';  we  found,  to  our  surprise,  that  the  difference  was  almost 
a  constant,  the  HCI-KCIO,  method  giving  about  80  to  8;  per  cent,  of  Ihal  by  the 
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?Ot-«oda  meihoil.  and  thi«  true,  allhoirgh  the  lotaU  dilTrted  consiikrahly. 
[may  ihrow  winie  light  on  ilic  »iitpltiir  tliiirilmiion      (Stc  bi-low.) 


Thi» 


Easily  Oxidized  Sulphur. — Jerome's  method.  To  50  cc.  of 
urine  arc  added  40  giris.  of  KCIO^  in  a  iiask,  and  this  wnrmecl  on  a 
saml-tialh  willi  the  addition  from  time  to  time  of  small  ixjrlion^  of 
100  cc  of  HCI.  The  soliitioii  is  cvaporaled  on  ;i  porcelain  dish  to  dry- 
ness and  is  then  evaiM)ratc<l  with  100  cc.  of  HC!  three  times,  h  is  then 
filtered  and  ihe  prociss  c<intiniicd  as  for  "iiilplniric  acid.  It  will  be 
noted  that  this  old  method  for  easily  oxidizabic  sulphur  is  iliat  which 
recent  workers  have  used  for  total  sulphur.     ( See  alxn'C, ) 


B         Thi 


Thio«u]phuric  Acid,  HiSiOl— Xormally  ilicrc  is  in  the  urine  of  man  none,  or 
:ovTr  10  ms.  m  i  liire.     It  hm  been  found,  however,  in  tome  ukck,  at,  for  in* 
in  typhwd  fever. 

HydroKCn  Sulphide.  H.S.— Tliis  seldom  occur*  in  frc»li  urine.  It  ha*. 
hi>we\'er,  been  found,  and  by  it  liiive  been  explained  Miscs  of  niitoinloxication. 
It  was  found  in  one  case  of  lung-iiandinf;  eclamptic  coma.  It  irann  .ippcart, 
however,  in  a  urine  on  fiiaodiiig.  nnd  can  be  produced  in  any  normal  ttrinc  by 
warming  it  with  a  mineral  acid,  ll  Jues  not  occur  in  discu.tc  with  dccompujition 
in  the  iniciline,  nor  after  the  iiigMtion  of  alkaline  siilphiile*.  nor  after  sulphur 
baih>.  While  it  i>  doitbifiil  whether  it  can  reach  the  bladder  from  the  recinm, 
it  can  arise  in  the  bUdder  from  lermeiitatinn  procei-scs.  U  devclojis  in  Ihe  tirinc 
(fom  decompoiitioii  <Uic  to  uii^anisms,  at  least  eight  of  which  have  been  described 
as  »pccilic-  Miiller  considers  that  it  is  derived  from  ihc  unoxidircd  viilphur.  tt 
may  be  iteiecied  in  the  fresh  ntmc  by  the  odor,  or  by  impending  in  ihe  mouth 
of  the  flaifc  a  »trip  of  paper  moi'ienrd  with  sugar  of  lead  solution  plus  one  drop 
of  NaOH.  Air  tliould  then  be  aipirated  through  the  urine.  The  paper  will  bie 
blackened. 

Snlpbocyanlc  Acid,  HSCN. — Thi*  acid  occurs  normally  in  the  urine  of  man 
and  the  aiiitiiali  «hii'h  excrete  nitrogen  a*  nrea.  in  amounts  equalling  ahotil 
one-thiid  of  Ihe  neutral  iiitphut.  The  amount  ^eem^  ontlant  in  an  individual. 
bat  varies  m  difTerent  person*.  It  is  increased  hy  ilie  inhalation  of  CSi  even 
fifty  limei. 

To  lOo  cc.  of  urine  arc  added  HNOi  and  AgNOi.    The  precipitate  i*  filtered, 
^watlted.  <iiis|>ended  in  water,  decomposed  with  H:S.  and  ihe  filirate  disiitlcd.     The 
liMillaie  i^  tested  with  FciCL.  giving  an  inicnsc  blue  lluld   (Berlin  blue)  not  niodi- 
fted  by  HCI 

Carbonates.— Carbonic  acid  ik  preient  in  the  nrine.  both  free,  which  nujr 
be  removeil  by  a  vncititni.  and  bound,  in  which  case  acid  must  be  added  to  free 
it.  Of  the  free  ihetc  arc  about  l8o  cc.  of  COr;  of  the  bound,  from  2  to  10  cc. 
The  carbonic  acid  is  increased  by  a  diet  rich  in  organic  scids  which  are  oxidiicd 
10  carbonates,  hence  it  ii  prctcnt  in  great  abundance  in  the  alkaline  urine  of 
berbitora  In  urine  there  is  litile  in  solution,  the  most  being  united  with  a  base, 
and  its  solubility  depends  on  the  relative  amount  of  COi  ami  MHiPO.;  if  some 
of  the  COi  is  removed  hy  a  vacuum,  ihe  acid  phoipbalc  at  once  sets  more  CO. 
free  until  none  i*  left.  The  carbonic  acid  may  he  ilciermined  by  draiviiie  a  stream 
of  air  through  the  unnc  and  then  through  clear  haryia  water,  which  it  cloud*  at 
once.  If.  then,  the  urine  be  acidified,  the  bound  CO,  will  be  free.  Tlie  amount  of 
COi  is  greatly  increased  as  the  urine  begins  to  decompose,  a  point  quite  dislurhinc 
in  alt  quantitalive  work.  In  some  ca»ei  of  nephritis,  especially  if  on  an  atkalina 
trraimeni.  the  urine  is  alkaline  when  voided,  and  contains  »o  much  cath  '  ■' 

quantitative  work  is  impowiblc. 

Silicic  Add  is  present  in  traces  as  silicates     Its  source  is  the  fn^ 

Nitric  Acid  is  present  in  all  normal  urines  as  nitrates.    This  al: 
ad  and  especially  certain  vegetables. 
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Nitrous  Acid  is  often  found  as  nitrites,  but  is  reduced  from  the  nitrates  bf 

the  bacteria. 

Calcium  and  Magnesium. — These  alkaline  earths  are  excreted  as 
phosphates  to  tlie  amount  of  about  i  gni.  per  day ;  calcium,  weighed  as 
CaO,  about  O.I  J  to  0.2$  gni.,  and  MgO  from  0.18  to  0.28  gm.  per  day. 
The  calcium  excretion,  even  of  that  injected  subcutaneonsly,  is  chiefly 
through  the  intestines,  and  from  but  4  to  jg  |>er  cent,  through  the 
urine.  On  this  account  the  calcium  in  the  urine  is  no  index  of  the 
amount  absorbed  from  the  intestine.  In  the  urine  its  output  is  parallel 
to  that  of  the  ammonia,  and  it  seems  to  bear  some  relation  to  the  excre- 
tion of  acids.  In  this  connection  it  is  of  interest  that  most  is  excreted 
in  the  morning,  at  which  time  the  urine  is  most  acid.  Its  chief  source 
is  the  food.  During  starvation  periods  calcium  is  increased  relatively 
and  absolutely,  of  interest  since  a  slight  acidosis  exists  also  then; 
the  source  of  this  calcium  is  assumed  to  be  the  bones.  It  can  be  de- 
creased by  alkaline  treatment.  On  a  vegetable  diet  there  is  only  a 
trace  of  calcium  in  the  urine.     It  seems  increased  by  exercise. 

The  factors  influencing  the  output  of  calcium  are  little  understood, 
and  yet  much  would  indicate  that  the  calcium  bears  some  relation  to 
the  condition  known  as  acidosis  (see  page  193)  There  is  no  in- 
crease in  tuberculosis,  none  in  rickets.  In  chronic  diseases  the  in- 
crease can  be  explained  by  inanition.  In  diabetes  an  interesting 
behavior  of  this  metal  was  demonstrated  by  Gerhardt  and  Schlesinger, 
who  by  very  careful  metabolism  work  confirmed  the  previous  find- 
ings that  the  output  is  in  diabetes  increased  even  two  to  four  times 
the  normal  amount ;  that  the  output  is  parallel  to  that  of  ammonia 
and  can  be  diminished  by  alkaline  treatment:  and  that  in  those  cases 
with  aci<losis  it  is  especially  increased;  the  normal  ratio  between  the 
intestinal  and  the  urinary  output  is  reversed  in  favor  of  the  latter. 
while  there  seems  a  certain  amount  of  retention  of  magnesium  in  the 
bo<Iy.  In  the  case  of  arteriosclerosis  a  retention  of  calcium  has  been 
demonstrated. 

The  relation  of  this  metal  to  phosphaturia  is  interesting,  since  that 
symptom -com  pi  ex  would  seem  to  be  due  more  to  an  increase  of  calcium 
with  a  diminution  in  the  phosphoric  acid  than  to  an  increase  of  the 
latter. 

Qr.\NTiT.\TivE  Determination  he  Cai.ch.'m. — T«o  luunlred  ec,  of  filtered  urine 
are  made  alkaline  with  ammonia  until  there  i^  n  distinct  |)recipitale.  This  is  then 
dissolved  in  the  smallest  ntnoimt  of  hydrochloric  acid  with  the  addition  of  some 
N'a.\c.  .Anmiiiniiini  oxalate  is  then  added  in  e.-cce-ss  and  the  tlviid  allowed  to  stand 
covered  on  a  waier-haih  for  twelve  hours.  The  precipitation  of  calcium  phosphate 
should  be  avoided,  which  occurs  if  no  ammonium  be  added  or  if  the  urine  be  foul. 
The  supernatant  fluid  is  then  decanted  through  a  small  ashlc-s  filler,  the  precipitate 
washed  CI  free  hy  decantation  with  hot  water,  and  then  finally  brought  on  the 
paper,      The   precipitate  i>f   CaO   is  very   fine  and   apt   to   pass   through  the   paper. 
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bencc  is  wa»h«l  a*  much  a«  poMfblc  by  (Icc.inwtion.  Tli*  wasli-wnicr  nmy  be 
Mkrfl  fur  magncMiini  tielcnilinslion.  Uiiriuij  this  proccii  bacUriAl  fccmeiilAtion 
should  be  prcvcnlnl  by  iliymol  i>r  carbolic  acid  1*hr  dry  titl«r  p.ipcr  is  (hen  |iut 
in  a  |>laliniun  dish.  Uitncd  niuili-raicly  W  u  lung  lime,  then  at  a  Uull  red.  till  the 
iiuu«  nn  cooling  it  perfectly  while.  Il  miu  cnnlaint  tome  nxide.  It  is  mnittencd 
with  a  coticcm  rated  wlution  u(  am  muni  urn  carbonate,  sluwly  dried,  and  very 
Bently  igniled  Tlte  ircatmenl  with  amtnimiiim  cnrbonnlc  it  repealed  till  of  con- 
ttani  vtciKlil  a«  ediciuni  cafbonaic.  One  purt  of  CuCOi  e<|iiaU  0.40  paitii  of  Ca. 
Or  the  mnvc  niAy  be  burncl  white  with  .1  blaii-nAmc.  The  crucible  it  then  cmlcd 
■nd  wetclied  and  ihe  blail  repc.nted  until  ihe  wcighl  in  conilant.  The  precipilatc  i» 
now  00,  I  pari  vc|italling  i.K^j  of  calcium  phoi^phale  Or  the  precipitate  if  hiimed 
white,  then  concent  la  led  ammuTiium  sulpbutc  added.  a|iain  burned,  Htiil  thi»  rc^ctitcd 
nntil  there  ii  no  incrrate  in  weight.  One  pan  of  Ibi*  calcium  sulphate  egiials 
a4ii7(>  pan  of  CaO. 

fJtiANTiTATivc  DKTnMiNATioN  Or  M Ar,.si*ni»j,^For  thi»  the  filtrate  and  waih- 
water  o(  the  above  dciermination  may  be  used.  One-third  volume  of  10  per  ccni. 
NH.OH  U  added  (tp.  gr.  ag6),  which  will  precipitate  all  of  ihe  Mg  aK  NH.MgPUi. 
Thts  I*  atluwnl  10  >etilc  well,  collected  on  an  is-hlc?*  filter,  washed  wiih  water 
pliti  one-third  volume  of  ammimia.  thoroughly  dried.  shaWcn  into  a  phiinmn 
Cfurible.  the  paper  butned  in  a  plfllimiiu  spiral  and  it*  a'h  added  10  ihe  crucible, 
anil  the  whole  then  fused.  Since  there  i*  lome  uric  acid  in  the  prccipiiste  it  will 
hardly  burn  white.  It  should  therefore  Ije  cooled,  a  imall  piece  of  NH.NOi  plui 
a  lew  drvpi  o(  water  added,  thi*  warmed  slowly,  and  then  finally  burned.  The 
mult  is  MbiP^     One  hundred  pans  of  [his  equal  36.20^  pan*  of  MgO. 

It  is  a  uving  of  tinic  la  treat  JOO  cc.  of  the  urljiinat  tiritie  in  this  way.  The 
result  H  ralciiun  and  magnrvium.  The  Ca  is  deiermined  in  a  tccond  portion,  and 
the  difference  will  be  the  Mg. 

Sodium  and  Potassium  are  present,  of  the  former  4.2  to  7.4  gms. 
is  N,i,0  ill  twemy-fonr  liotirs.  ami  of  ihe  K;0  from  3.3  lo  3.9  gms.. 
the  visual  rclatioti  bctwccti  tlicm  being  5:  3. 

Their  amount  depends  on  the  ftxwi.  In  hunger  the  potassium  may 
excewl  the  sodium,  also  In  icvcr,  hiii  after  the  crisi.s  the  sodium  will 
predominate. 

Severe  exercise  and  vegetable  diet  increase  the  potassium. 

Iron, — A  trace  of  iron  is  always  present  in  the  urine  in  organic 
combinattrm.  The  figures  given  of  the  amount  found  vary  widely, 
since  all  inethoils  have  niany  simrces  of  error,  in  many  cases  ihe  iron 
of  the  reagent  used  being  greater  in  amotint  ihan  that  to  be  deter- 
mined. The  figures  given  vary  from  1  to  10  nig.  in  twenty-four 
hours.  This  is  increased  in  fever,  the  annnint  varying  as  the  height 
and  ilnraiion  of  the  elevaiioti  of  temi>eratiire.  Large  aniouut.*  have 
be«ii  found  in  malaria  (even  16  mg.  a  day),  ijcrnicious  an.Tmia,  and 
alcoltnlics.  Tliis  question  ha?  recently  beeti  suidied  by  Neninaim,  who 
consiilcrs  that  his  method  of  aching  the  nrine  allows  a  very  accurate 
estimation  of  the  iron.  Neimmnn  and  Mayer"  found  that  the  output 
of  a  normal  person  varied  from  O.g.?  to  m^'^q  mg..  an  average  of 
0.983.  In  pathologiail  urines  Iliey  found  it  increased,  especially  in 
alcoholics.  Their  finding  concerning  dialwles  is  very  inlereating. 
since  the  iron  output  was  parallel  to  that  of  the  sugar;  the  ratio 
"Zeiwehr  f.  physiol.  Chem,.  190a,  vol  xxxvii.  p.  a. 
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being  quite  constantly  2.5  mg.  per  100  gms.  of  sugar.    They  therefore 
suspect  that  both  bodies  have  a  common  source. 

Lead — Considerable  urine  is  evaporated  to  dryness,  and  50  cc. 
of  fuming  HNO3  added;  after  the  reaction  subsides  it  is  allowed  to 
simmer  over  the  free  flame  for  half  an  hour,  and  then  25  cc.  more  acid 
added  each  fifteen  minutes  three  times.  The  fiuid  is  then  evaporatetl 
to  small  volume,  neutralized  with  NaOH,  filtered,  and  the  lead  tested 
with  HjS,  which  will  give  a  brown  precipitate. 

Arsenic  may  be  tested  by  saturating  the  faintly  acid  urine  with 
HjS,  allowing  it  to  stand  from  twelve  to  twenty-four  hours,  filter- 
ing, washing,  and  treating  the  precipitate  with  bromine  water,  which 
will  dissolve  the  arsenic  sulphide.  The  solution  is  placed  in  a  suitable 
fiask,  to  which  is  added  zinc  and  sulphuric  acid,  and  the  stream  of 
hydrogen  conducted  into  an  acid  AgNOj  solution  (AgNOj,  o.i  to 
0.2  gm.;  HNO.„  2  gms.;  water.  10  cc).  If  AsHg  is  generated,  one 
gets  a  blackish-brown  precipitate  of  metallic  arsenic. 

PIGMENTS    OF    THE    URINE 

The  value  of  the  ethereal  compounds  of  sulphuric,  glycuronic,  and 
other  acids  has  been  overestimated,  yet  they  have  a  certain  clinical  im- 
portance, 

Indoxyl  sulphate,  the  chief  body,  originates  in  the  intestine  as 
indol  which  is  formed  in  the  decomposition  of  proteid.  Indol  is 
absorbed  from  the  intestine,  and  in  the  body  is  oxidized  to  indoxyl, 
conjugated  with  sulphuric  acid,  and  excreted  as  an  alkaline  salt.  In 
men  its  output  is  greater  on  a  flesh  than  on  a  vegetable  diet.  In  the 
case  of  fasting  persons  it  arises  from  the  decomposition  of  the  in- 
testinal secretions.  There  is  none  in  the  urine  of  the  new-born  or  until 
the  child  is  fed  cow's  milk.  In  adults  a  certain  amount  is  always 
present,  from  5  to  25  mg.  in  twenty-four  hours  on  a  mixed  diet; 
hence  only  a  great  increase  is  of  value,  and  this  may  reach  from  50 
to  150  mg. 

In  general,  it  is  increased  by  the  rapid  decomposition  of  albumin 
either  in  the  intestine  or  elsewhere  in  the  body.  The  increase  in  cases 
with  limited  peristalsis — e.g.,  peritonitis  and  ileus — is  of  importance 
only  to  indicate  the  location  of  the  obstruction  or  of  the  paralysis  of  the 
bowel.  If  of  the  small  intestine,  there  is  a  great  and  rapid  increase; 
of  the  colon,  none  or  late.  Its  formation  seems  to  dqiend  upon  the 
presence  of  trypsin,  which  before  it  reaches  the  colon  has  been  either 
destroyed  or  reabsorbed,  hence  there  is  most  indol  formed  in  obstruc- 
tion of  the  small  intestine.  It  cannot  be  used  to  distinguish  peri- 
tonitis from  a  twist  of  the  bowel.  In  one  very  interesting  case  of 
syphilitic  stricture  of  the  ileum  the  obstruction,  which  occurred  fre- 
quently,  due   evidently   to   the   accumulation   of   fecal    matter   above 
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ie  constriction,  could  be  foretold  by  [lie  increase  of  tliis  body,  whicli 
[rfsclied  a  high  jiuiiU  and  Ihen.  as  Ilie  food  gradually  passed  on, 
[cleared   up  much.      It  is  mucli   increased  in   intuii^tn^cciition.   new 
growths,  and  twists  of  llic  small  intesiiiit.    It  is  increased  by  intestinal 
jnitrefacti'tn.  siicli  as  occurs  in  diarrbtea.  especially  tlie  cholera  in- 
fantiun  of  chil<lren,  in  typhoid  fever,  dilated  stomach,  and  some  cases 
of  nqihritis.     In  these  conditions  brisk  purging  diminishes  the  output 
greatly. 
K       II  is  increased  by  deconip<j>ition  of  albumin  elsewhere  in  the  lio<ly, 
^Efts,  for  instance,  gangrene  of  tlie  lung  tissue,  gangrene  of  a  pleural 
^kxudate.  cnipyeina,  putrid  bronchitis  in  which  case  it  may  lie  vcn.'  large 
^nn  amount,  advanced  pulmonary  tuberculosis,  and  advanced  intestinal 
tul»ercuIosis.    Coriat  consiilcrs  its  increase  one  element  of  the  symptom- 
complex  of  akinetic  mental  conditions  and  its  <linnnntion  of  tlic  by|>cr- 
kitKlic  states.     He  considers  this  not  due  to  any  inie>tina1  condition 
nor  to  the  diet.    In  certain  cases  of  chronic  constipation  there  is  much 
present.    One  such  case,  a  colleague  of  mine,  furnished  my  classes  for 
several  years  specimens  of  urine  containing  much.     This  person  en- 
joyeil  the  best  of  health.    He  gives  a  history  of  some  severe  abdominal 
condition  when  ten  years  of  age,  since  which  time  he  has  been  Inmblcd 
with  constipation. 

*His  iiriti«  on  one  iity  wu  as  fnllowt: 
Tdial   amount.    1770  «..  clear  yellow  color.     On   boiling,    ii  becomes   dark 
bTO<iint«1i'rc<l,  sltiioM  b1.i<:k,  with  a  dark  magcnm  fonni. 

Total  SO.,  t.tti  gmi. :    ethereal  sulphaic^  only  14  per  cent,  I    Total  sulphur, 
I  S*  fitns  (a*  SO.)  in  mcniy-foor  houM. 

The  urine  Kives  a  ^iilenrlid  indiKO-bhiE  test,  not  the  Ro«en1>ach  lest, 
tt   will  lie  ><en   llint  despite  the  mlor  on   boiling  and   the  good  indoxyl  tut, 
the  etiicmil  lulpliates  wc»e  not  increased 

Tlie  output  is  diminished  by  closure  of  the  pancreatic  duct,  but 

is  closure  cannot  be  diagnosed  from  the  absence  of  indoxyl  sulphate 

tuiless  other  factors  which  would  favor  its  formation  are  present.    A 

frmner  idea   was  thai  it  is  increased  in  conditions  of  inanition  and 

tulwrculosis,  and  there  is  a  long  list  of  diseases  in  which  it  has  been 

found  in  abundance:   various  intestinal  IrouWi^s,  cancers  of  the  liver, 

tomach.  or  uterus,  and  lead  ci>lic.     In  cases  of  peritonitis  or  of  appcn- 

icitis  with  abi^ccss.  an  increase  of  indican  is  an  unfavorable  sign;  its 

'decrease,  a  favorable  one.    It  is  increased  when  ihe  HCl  of  the  gastric 

juice  is  diminished.     It  .seems  to  bear  some  relation  to  the  albumin 

itput,  and  the  insurance  companies  are  beginning  to  consider  it  an 

early  feature  of  nephritis. 

Phenol  is  almost  always  increased  with  it;  the  reverse,  how 
not  true. 

Hie  urine  when  voided  is,  as  a  nde,  normal  in  color.     /'- 
scs  the  oxidation  occurs  uilhin  the  body  and  the  uri* 


I 

vr 
fr 
tt 

i 


140  CLINICAL   DIAGNOSIS 

when  voided  (the  blue  of  the  indigo  phis  the  yellow  of  the  urine). 
Such  cases  are  described  by  Sahli,  MacPhedran  and  Goldie,  and  others, 
but  are  excessively  rare,  and  methylene  blue  is  always  to  be  excluded 
(see  page  94). 

Indigo  calculi  have  been  found. 

The  demonstration  of  indoxyl  depends  on  its  oxidation  to  indigo- 
blue,  and  the  index  of  amount  is  the  amount  of  indigo  thus  formed. 
2C8HaNKS04  +  0,  =  2QHsNO  +  2KHSOh 

Tliis  reaction  occurs  if  an  oxidizing  agent  be  added ;  also  when  the 
urine  decomposes,  in  which  case  it  is  present  as  a  copper-red  scum  with 
a  metallic  glistening.  Rarely,  however,  is  there  sufhcient  to  be  seen 
grossly. 

Indigo-blue  is  a  dark  blue  powder,  insoluble  in  water,  slightly  so  in  chloro- 
form, easily  soluble  in  hot  aniline.  It  is  insoluble  in  alcohol  and  ether.  It 
should  be  collected  on  an  asbestos  filter,  washed  with  water,  then  with  alcohol  (to 
separate  the  indigo-red),  and  then  dried. 

Tests :  It  may  be  sublimed  a(  joo"  C,  giving  off  a  purple-red  vapor  which 
cools  in  prismatic  crystals  of  a  coppcr-rcd  metallic  color,  deep  blue  on  transmitted 
light.  If  indigo-blue  be  mixed  with  hot  alcohol,  very  strong  NaOH.  and  some  glu- 
cose, the  whole  filling  a  closed  flask,  indigo-white  is  formed.  If  then  exposed  to 
the  air,  indigo-blue  will  recfyslallize  out. 

Tests  of  Indoxyl  Sulphate.  Jaffc's  Test. — A  test-tube  is  half 
filled  with  urine,  another  of  the  same  size  with  the  same  amount  of  con- 
centrated HCl.  On  die  edge  of  this  latter  test-tube  is  placed  the  small- 
est drop  of  fresh  concentrated  Ca(C10)2,  The  HCl  is  then  jwured 
quickly  into  the  urine,  carrying  with  it  this  drop  as  it  flows  over  the 
edge.  The  fluids  are  mixed  rapidly  by  inverting,  not  by  shaking  the 
tube.  One  cubic  centimetre  or  so  of  chlt)rofomi  is  then  added,  which 
will  extract  the  indigo  as  it  is  formed,  if  necessary  then  another  drop 
or  two  of  the  Ca(C10)2  solution  may  be  added.  The  test  may  be 
performed  as  a  contact  test.  Hammersten  advises  that  to  20  cc.  of 
urine  2  or  ^  cc.  of  chloroform  be  added,  and  an  equal  amount  of  hydro- 
chloric acid  ;  then  at  once  Ca(  ClO)^  drop  by  drop,  reversing  the  tube 
several  times  after  each  addition.  The  difficulty  with  this  test  is  that 
a  slight  excess  of  the  hypochlorite  will  destroy  the  indigo,  giving 
yellow  isatin.    Albimiin  must  be  first  removed  by  boiling  and  filtering. 

C.i(ClO):  is  a  difficult  sub'ilance  to  obtain  pure,  since  it  deteriorates  so  rapidly 
that  the  manufacluriug  chemi.sts  refuse  to  import  it,  A  pure  salt,  however,  is 
unnecessary,  the  ordinary  cheap  blenching  powder  or  "  chloride  of  lime"  being 
satisfactory.  (Chloride  of  lime,  it  should  be  remembered,  is  not  calcium  chloride, 
but  a  mixture  of  calcium  hydroxide,  calcium  chloride,  and  calcium  hypochlorite). 

Obcniiaycr's  Test. — The  urine  is  first  precipitated  with  about 
one-fifth  volume  of  20  per  cent.  PbAc.  avoiding  an  excess,  then  filtered. 
Disturbing  substances  are  thus  removed.    An  equal  amount  of  fuming 
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ifochloric  acid  ccmininiii};  Fe^O,  ti*  tli«i  ailile<l  (4  parts  of  FcjCIo 
^M  I  lirre  oi  MCI).    In  a  few  iiiinulca  llic  reaciion  is  apparent. 

^B  If  potaxiium  iodide  is  in  the  utinc,  a  violei  cnlor  h  obtained,  Willi  thymul 
ibe  uniic  tfccumcs  tihiish-iErt^ii. 

.imon'i  rcadion  witli  Na>5i0i  ha%  been  fnnnd  of  iloubtful  value. 

Tbc  te<ii  may  alui  br  porfiirmcii  liy  aililiiiK  30  druii»  uf  urine  i"  15  oc.  of  IIO. 
p1u»  r  or  2  drupi  of  HNO>.  The  niixiiirc  i\  *tirr«cl  ai  unce.  ami  nmeihysi  color 
reiiulu,  vfliii'h  readiei  a  msximiini  111  fiom  live  to  ihiriy  miniitcv 

Since  iiiiric  aeid  Bivc%  the  leit.  indi>l  may  dUliirb  a  bile  (est.  In  cil^c  tlic 
urine  Ionics  sroKily  n»  if  indttco  were  pre»ent  (llie  color  of  such  a  uniie  nill  be 
bUrki-li-KTccn  or  bluish),  the  indigo  may  be  exitaclcd  with  acidulaieil  eliloro- 


r 


IiMlifo  will  crjrstalli^e  oui  in  needles  or  pblea  if  c%'aporaieil  froin  chloroform. 

QuASTiTATUTi  DETERMINATIONS. — Tlicse  STC  ill  general  unsalis- 
factor>',  the  gross  estimate  by  the  color,  using  tlic  Obcmiaycr  reagent, 
lieiiifj  itsiially  siifiicieiU.  Tliis  urine  may  Ijc  repeatedly  cxiracteiJ.  the 
extracts  evaporated  in  a  wciglied  beaker,      Tlie  itidigo-reil  may  in 

Ilhis  case  \>c  removed  by  washing  with  alcohol.    It  is  dried  at  105"  to 
E: 


110°  C.  and  weighed- 


ElltRCcr "  foiinil  thai  but  85  per  cent  of  ibc  iheorccicil  amount  was  In  tliEs 
ay  obtained  (eridemly  isatin  it  (onucdt.  and  iliai  itcitlicr  ihc  conccniratuMi 
"nor  the  exec**  oi  rcDgcnt  whs  of  moment  if  one  ijnickly  exriacieil  the  indigo-btuc. 
The  urine  i*.  if  necewary,  made  slightly  acid  with  acciic  acid,  precipitaled  with 
one-tenth  volume  of  CbAc  and,  if  concern  rated,  diluted  one-half  To  a  meamrcd 
portion  of  ibe  filtrate  i»  then  added  an  equal  volume  of  Obeniiayer'j  reagent,  and 
shaken  out  'cvcral  times  uitb  cblorofrinu  until  this  is  iio  longer  colored.  The 
amount  of  filtrate  choicn  should  be  such  thai  three  lo  four  cxtraciioiu  with  ,10  cc. 
of  chloroforni,  for  two  minute*  cacli  lime,  is  enoiigb  Tlie  filtered  cxir,ict  is 
diititlcit,  the  extract  dried  for  five  tninutci.  then  washed  out  two  to  three  limc» 
with  hot  water  (to  remove  i^atin).  dissolved  in  to  cc.  of  conccntrntcd  H.StV 
ihii  solution  diluted  to  too  cc.  with  water,  and  titrated  with  a  dilute  RMnO,  solu- 
tion (5  <c,  of  a  o.j  per  cent,  solution  diluted  to  joo  cc, )  which  ha*  been  Mnndnrdi/cH 
wrtlli  pure  indigo-blue.  About  87  per  cent.  o(  the  correct  amount  is  found,  hence 
the  result  may  tte  increased  by  one.»ixih.  A  double  determination  require*  about 
one  and  a  half  hourt. 

tStraUM**  also  ii5ci>  Obcrmaycr't  solution  and  extract*  with  chloroform.     He 
t  a  Miull  tepuraling  funnel  similar  lo  thai  for  kclic  acid   (^ec  Fin.     ^31,     The 
DiHned  chloroform  cxirncis  arc  mcasufcd.  j  cc  removed  and  diluted  till  its 
>r  matches  that  of  a  siandard  tube  of  known  cuntenl.  and  from  this  be  rcckoili 
total  amount 
Bouma'n  method"  ha»  received  severe  criticism. 
Gniftt  proposet"  a  gmduaied  separating  funnel,  in  which  llie  Ca(CIO)i  tett  it 
$liillA  the  chloruforni  extract  compared  with  a  standard  color. 
Slit ATOXVL-siTi.iMi ATE, — Skatol   is  aUo    formed   in   ihc  intettine.  the  rctult  of 
llie  bacterial  decomposition  of  alTiuniin.  and  is  nb'i>rbcd.     t!y  analogy  vc  may 
■oppose  it  to  be  oxidired  to  ikaioxyl,  conjugated  with  sulphuric  acid,  and  elimi- 
nated by   the   urine.     As  a   mallcr   of   fact,  however,   the   skaloxyl   sulphuric   acid 
ha«  seldom,  if  r>'er,  been  .-iciunlly  demonstrated  in  the  urine,  and  the  colors  which 
would  indicate  it  may  be  as  well  due  to  oihcr  red  pigments, 

"Zeitscbr,  f,  phyiol.  Chem,,  vol.  xxxviii,  p.  176. 
**  Dem»che  med    VVochenschr..  April  i?.  1003 
"Zeilschr.  f,  physiol,  Chem,  1901.  vol,  xxxii,  p  82. 
"Am.  Jour  Me<l.  Sci..  April,  iixu 
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Slokvis "  has  given  a  method  for  the  separation  of  the  chromogens  of  these 
blue  and  red  pigments.  The  urine  is  saturated  with  (N'Ht)iSO..  allowed  to  stand 
till  all  pigments  are  precipitated,  filtered,  the  liltratc  evaporated  on  the  water-liatli, 
and  the  fluid  decanted  from  the  crystals  of  (NHJiSO..  It  is  then  acidified  with 
a  few  drops  of  acetic  acid,  and  shaken  out  with  an  equal  volume  of  acetic  ether, 
which  takes  up  both  chromogens  to  a  yellow  solution.  To  the  aci-tic  ctlicr  is  now 
added  water  several  times  to  separate  out  the  chromogen  of  indigo-blue.  It  is 
then  ncuiralized  with  dilute  KOH  and  shaken  out,  the  dilute  KOH  separating  the 
chromogen  of  skatol-red,  which  can  be  tested  with  Obermayer's  solution. 

The  red  or  violet  color  produced  by  adding  an  oxidizing  agent  with  a  strong 
acid  to  the  urine  is  usually  attributed  to  this  body.  With  Fe,Cl.  it  does  give  a  violet 
color,  with  concentrated  HNOi  a  cherry-red  color,  with  concentrated  HCI  it  is 
decomposed  with  a  red  precipitate,  in  Jaffe's  lest  the  urine  is  dark  red  or  violet. 
On  standing  in  the  air  the  urine  becomes  darker  from  above  downward. — of  a 
red,  violet,  or  even  black  color.  As  has  already  been  mentioned,  these  colors  arc 
not  conclusive.  Rosin  denies  that  it  has  ever  been  found,  and  thinks  all  of  these 
tests  could  be  explained  by  indigo-red.  Its  demonstration  would  necessitate  the 
reduction  of  the  pigment  by  zinc-dust  with  skatol  as  the  product. 

Indigo-red. — Other  names  for  this  pigment  are  many,  urorubin 
and  urorhodin  being  among  them.  This  body  is  always  formed  with 
intligo-blue,  especially  by  Jafife's  test  with  the  warm  urine.  They  are 
isomeres  and  arise  from  the  same  mother  substance  (indoxyl  sul- 
phate). It  is  also  formed  in  decomposing  urine  and  may  form  a  sedi- 
ment.    L'rorosein  is  formed  at  the  same  time. 

Indigo-red  crystallizes  in  dark  reddish-brown  or  chocolate-brown  needles  or 
plates.  It  sublimes  with  violet-red  fumes  at  295°  to  310°  C,  It  is  insoluble 
in  water,  dilute  acids,  and  alkalies,  it  gives  a  cherry-red  solution  with  alcohol, 
ether,  chloroform,  and  especially  glacial  acetic  acid.  From  dilute  alcohol  solution 
it  precipitates  in  crystals.  From  glacial  acetic  acid  it  is  precipitated  by  soda  or  by 
water.     It  gives  a  characteristic  absorption   spectrum. 

Reduciiou  Test. — The  alcohol  solution  i<  made  alkaline  with  sodium  carbon- 
ate, a  little  glucose  added,  and  gently  warmed.  The  solution  is  decolorized,  but 
the  color  returns  on  shaking  it  in  the  air.  This  can  he  repeated  as  often  as 
desired.  If  the  pigment  be  boiled  with  caustic  alkali,  even  dilute,  the  red  is 
destroyed  and  various  brown  decomposition  products  formed. 

This  pigment  is  present  in  large  amounts  in  certain  urines  which 
give  Rosenbach's  test,  btit  it  alone  is  not  responsible  for  the  Burgundy- 
red  color.  It  is  increased  especially  in  intestinal  troubles, — ileus, 
obstruction,  cancer,  etc.  It  is  also  present  in  large  amounts  in  some 
urines  which  do  not  give  a  characteristic  Rosenbach  test,  but  these 
conditions  are  so  various  that  they  cannot  be  classified.  It  may  also 
be  found  in  traces  in  normal  urine. 

DE.vinNSTi(.\'rTON.— Nitric  acid  is  the  best  reagent,  its  addition  giving  a  red 
color.  Much  is  formed  by  Jaffe's  test,  especially  if  the  urine  be  heated.  When 
cold,  the  urine  may  be  neutralized  with  soda,  then  shaken  out  with  ether.  The 
ether  takes  a  fine  red  color  and  gives  the  absorption  spectrum  of  this  body.  The 
ether  extract  may  be  evaporated  in  a  watch-glass  10  obtain  crystals. 

Indigo-red  is  present  in  certain  freshly  voided  urines  as  in  cases  of  pyelocys- 
titis.     It  has  also  been  found  in  concretions. 

"Cenlr.   f,   inn.  Med..   [902,  No.  z8. 
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Among  other  red  pigments  of  the  urine  is  urorosein.     Tliis  is 
characterized  by  its  easy  soliiliilily  in  aniyl  alcohol,  its  insolubility  in 
;hIoro(orm,  ether,  and  Iwiuol.    Ammonia  and  alkaline  carbonates  de- 
rive il  at  once;  acid  restore*  the  cnlur.     It  may  be  recognized  from 
speciruni.     h  is  very  unstable  and  decoinijoses  rapidly.    It  occurs 
in  normal  urine. 

To  dcmoiutrate  it  Dnc-iciith  volame  of  HCI  is  added,  and  then  ihe  fluid  i( 
IQlCfed.  The  red  Main  wliich  remaini  on  the  filter  i«  urorcwein.  Uroroiein  i* 
pftxluced  by  Jaffe'i  ic^t.  but  in  not  exiracicd  by  the-  cliloroforni  or  ether.  Other 
red  picmenis  nuy  lio  <l«inonmate<l  in  the  tinnr.  and  afler  linilinic  it  with  add 
varioiis  brown  pigments  with  which  il  is  templing  in  work  but  noi  very  protiiablc 
ThcM  piffTn«nl«.  iomewlial  similar  in  appearance  bin  dllTcfciil  in  iheir  solubilities, 
will  ptuile  one  coniiderably. 

IParacresol  and  Phcnolsulphuric  Acid. — Phenol  is  present  in  the 
urine,  from  17  to  51  mg.  per  twenty-four  hours.  The  amount  of  these 
two  bodies,  however,  of  which  the  foniier  usually  exceeds  in  amount, 
varies  in  various  conditions.  It  is  increased  with  a  vegetable  diet.  In 
iletis  and  peritonitis  much  phenol  is  present,  alsci  in  diphtheria,  scarlet 
fever,  erysipelas:  but  little  in  typhoid  fever.  sma]!po.x,  and  mcuingitis, 
Tliey  are  formed  from  decomposition  in  any  part  of  the  body  and 
Hvhen  the  intestinal  decomposition  is  much  incrciscd.  Their  occnr- 
"^ rence  is  thus  much  the  same  as  indoxylsulpliunc  acid,  the  phenol  in- 
creasing with  this.,  but  the  reverse  is  not  always  the  case. 

^P)rrocatechin  (see  page  93)  is  another  body  conjugated  with  sul- 
huric  acid,  and 
Hydrochinon  (see  page  93)  also,  especially  after  carbolic  acid 
poisoning. 

Potassium  Iodide  is  often  found  in  the  urine  when  making  the  tests 
for  pigments.  If  HNO,  be  added,  and  then  chlomform.  the  latter  will 
take  (he  pink  color  of  iodine.  Or  powdered  starch  may  be  added  after 
tlic  UNO,,  and  the  starch  iodine  blue  will  be  very  distinct. 
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nil.R    PIGMENTS 

The  Clinical  Occurrence  of  Bile  Pigments  in  the  Urine. — Bile  pig- 
n>eiu  never  occurs  in  the  human  urine  nnrmally.  .Titiioiigh  it  is  a  con- 
stituent of  the  normal  urine  of  some  animals.  Its  origin  is  the  blood 
pigment,  as  may  be  seen  by  the  fact  that  it  is  increased  and  the  inter- 
mediate stages  ocair  in  the  plasma,  when  there  is  increased  hreaking 
wn  of  red  blood-cells, — e.g.,  in  ha:moglobina;mia.  after  a  blood 
ison.  It  is  vcn,'  similar  to  hicmatin.  and  is  an  isomer  of  h;cmato- 
rphyrin.  In  chola.-mia  it  is  thought  that  the  most  of  the  bilirubin 
reihiced  by  Ihe  kidneys  to  Ihe  more  diffusible  urobilin. 

The  cases  of  janndice  have  been  divided  into  two  group's, — -the 
hepatogenous,"  due  to  obstruction  of  bile  passages,  in  which  case  bile 
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is  present  in  the  urine  sooner  or  later,  as  in  cases  of  catarrhal  jaundice, 
jaundice  clue  to  calculus,  cancer  or  cirrhosis  of  the  liver;  and  the 
"  hieniatogenous,"  formerly  supposed  to  be  due  to  destruction  of  the 
red  blood -corpuscles  by  poisons,  as  phosphorus  or  the  toxines  of  severe 
infections,  in  which  cases  bile  may  appear  in  the  urine  before  the 
skin  or  conjunctivuC  are  stained.  The  previous  idea  was  that  in  these 
latter  cases  the  liver  could  not  warehouse  all  of  the  free  hsemoglobin, 
an<i  hence  some  was  excreted  as  bilirubin.  More  recently  such  jaun- 
dice has  been  doubted  (Stadelmann),  and  all  cases  are  supposed  to  be 
hepatogenous  in  origin ;  that  is,  the  increased  "bile  pigment  is  reab- 
sorbed in  the  liver,  since  it  is  perhaps  too  viscid  to  flow  well  through 
the  bile  ducts,  or  there  is  too  little  pressure  from  behind,  or  perhaps 
there  is  closure  of  the  smallest  ducts  from  swelling  of  the  cells. 
"  Tox.-Emic  jaundice"  has  been  proposed  as  a  better  term. 

The  bile  pigments,  and  their  derivatives  of  interest  in  clinical  chem- 
istry, are  bilirubin,  biliverdin,  bilifuscin.  biliprasin,  chotecyanin,  and 
choleteiin,  all  of  which  are  products  of  bilirubin,  and  many  of  which 
are  seen  in  the  play  of  colors  of  the  Gmelin  test.  The  first  two,  bili- 
rubin and  biliverdin,  are  the  only  ones  of  much  importance  except  in 
explaining  the  colors  in  tests.  BiliRibin  alone  has  been  proved  in  fresh 
urine.  Biliverdin  often  occurs,  but,  as  a  rule,  only  after  the  urine  has 
stood  for  even  a  short  time,  in  which  case  it  is  the  effect  of  oxidization 
by  bacterial  action.  These  pigments  are  always  present  in  the  urine 
in  cases  of  jaundice  of  much  intensity-.  It  should  be  remembered, 
however,  that  all  of  the  pigment  may  be  in  the  urate  sediment. 

Bilirubin,  CioHs8X40u.— This  is  the  pigment  which  occurs  free  in 
the  bile  of  man.  Its  calcium  salts  occur  in  gall-stones,  its  crystals  occur 
in  old  blood  extravasations,  the  so-called  hrematoidin  crystals  supposed 
foniierly  to  be  a  different  substance  but  now  generally  admitted  to  be 
the  same.  It  is  probable  that  bilirubin  can  arise  elsewhere  than  in  the 
liver.  It  occurs  in  the  fluid  of  certain  cysts,  especially  of  the  breast 
and  of  the  thyroid. 

This  pigment  may  be  isolated  from  fluids  containing  other  pigments  by  pre- 
cipitating with  Ihe  milk  of  lime  in  moderate  amount,  shal^ing  well.  COi  is  led  in 
at  once  to  prevent  the  deconi position  of  meihimoglobin  el  al..  and  the  mixture 
filtered.  The  precipitate  is  washed,  and  dissolved  in  alcohol :  chloroform  is 
then  added,  and  then  acetic  acid,  to  separate  out  the  calcium.  This  is  filtered. 
the  chlorotorm  separated  by  adding  uaier.  and  the  chloroform  e.\tract  is  filtered 
through  a  dry  paper  and  evapiirated.  The  bilirubin  of  the  residue  is  washed  with 
a  little  alcohol  and  ether.  The  results  by  this  method  are  always  a  little  loo  low. 
since  calcium  doe'  not  precipitate  all  the  pigment  and  some  is  laier  destroyed. 
The  work  must  be  done  rapidly.  Hjematin,  if  pre=ent,  would  also  be  isolated,  but 
h.-emaiin  does  not  occur  in  ihe  body.  e^^cepI  perhaps  in  the  stomach  and  intestinal 
contents. 

The  cHiStals  are  rhomb>  often  with  routided  eil};e>.  or  needles,  if 
pure  of  a  beautiiul  brown-red  Ci-lor.     it  is  perfectly  insoluble  in  water, 
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s<>!ubl«  in  alcohol  ami  in  chlor')foni),  especially  it  hoi,  lo  solutions  of 
a  browntsli-re<l  ci>lor.  (t  i<  iireciptinied  iincliaiiged  from  alcoliol  solu- 
tion by  acids,  forms  comixiuinis  with  alkalies,  these  cumiiounds  being 
iijsuliiblc  in  clilornfonii  but  sultible  in  water:  hence  bilinibin  may  be 
washed  from  a  chlcroforni  sohilion  by  an  alkali.  In  this  it  differs  from 
lutein.  It  is  precipitated  by  BaSO^  and  (NHj)3S0^.  The  alkaline 
W)lntir»ii  cxjxjscd  lo  tlic  air  iiirns  to  the  ftrcen  biliverdin.  In  the  alka- 
line urine,  however,  this  is  lun  always  the  case,  since  one  product  of  the 
dccom))osition  of  urine  is  ( N'H^  )5S,  which  changes  biliverdin  and  bili- 
cyanin  to  bilirubin,  and  the  bilirubin  itself  may  <ti'<.appear  from  an  :ilka- 
line  urine,  also  from  a  urine  preserved  with  chlorofurm.  Uihriibin 
has  no  alisorption  spectrum. 

Biliverdin.  C,aH:[n^*»0».  occurs  in  ihc  bile  <.f  many  animals,  hut 
not  of  men.  It  occurs,  however,  in  the  interline  and  vomims,  and  in 
jaundiced  urine  after  standing  even  for  a  short  time.  When  pnre  it 
is  an  anwiqihous.  preen ish-hlack  powder,  insoluble  in  water,  t-ther.  or 
chtorofonn.  bui  easily  soluble  in  alcohol.  Its  compounds  with  the  alka- 
lies are  soluble  to  a  green  or  3  brownish-green  solution.  It  is  soluble  in 
concentrated  acetic  acid  and  in  HCl.  The  alkaline  solution  has  no  ab- 
sorption spectrum,  but  an  alcoholic  wc;ikly  acid  solution  shows  one 
tan<\.  With  Gmelin's  test  it  gives  the  same  color  changes  as  bilirubin, 
from  which  it  differs  in  its  color,  solubility  in  alcohol,  and  insolubility 
in  ehloroiorm,     It  may  lie  reduced  to  bilirnbin. 

Hydrobilirubln,  QaH^nNaOx.  is  considered  by  some  to  lie  the  same 
as  urobilin,  Init  this  is  <lenicd  by  the  majority.  This  occurs  in  the  lower 
intestine  as  a  reduced  product  of  bilirubin  by  bacteria. 


BUilusctn  ts  a  body  not  y«i  isolaiM  pure  That  dc^cribeil  (CnHwN.Oi)  is  »( 
an  antotplioiii  brown  color,  soluble  in  nleohnl  lo  a  deep  brown  tnluiion.  and  in 
alkali,  amtiionia.  anil  diliiic  NaOH.  Ii  h  Insoluble  in  walrr  and  ether,  and  ncnrly 
tolubk  in  chloroform.  It  i*  loliiblc  in  cihcr  and  chloroform  if  fatly  acid»  lie  pre*- 
cnt.  In  the  pure  siRK  il  dors  not  s\vt  Gmclin  i«iiclion :  in  tpcctrum  i)  similar  to 
that  of  bilipniin. 

BillprMin  Is  commonly  tai<l  it  be  a  mixture  of  bilinibin  and  bilifu^cin.  By 
othrr*  it  i*  wid  to  be  an  iniermediate  ai-ine  between  bilirubin  and  biliverdin. 
Others  consider  it  identical  with  biliverdin  The  formiils  Rivrn  it  CbH»N.Ou, 
The  alcoholic  solution  ba»  no  abiorpiion  »pectriim.  bui  Ihcre  it  of  the  alkaline 
solution.  The  color  of  its  alcobolir  alkaline  iotiilion  U  brown,  llie  chief  difference 
hetween  this  and  biliverdin.  It  differs  from  bilifuscin.  since  if  arid  l>c  added  to 
ihn  sidiiiioR.  ibe  color  changes  to  green,  Tlie  Gmelin  lest  is  of  no  value  in  rccog- 
niiing  thii  pigment. 

Of  the  above  piicments.  the  spectrum  an.ilysis  it  unsatisfactory  for  their  recog- 
nition. It  is  the  itrodncts  of  thdr  oxidation  which  are  easily  rccoitniied  by  this 
Ri«thod. 

Cbolecytoio.— 'I'his  is  an  oxidiied  product  of  the  bile  piflfnients  with  nitric 
acid.  PbO.  or  KMnO>  It  gives  a  characteritlic  speclrum.  and  may  be  further 
nxidiied  to  cholelelin.  Oiulecyanin  is  inioltible  in  HiO,  soluble  in  alkalie»  and 
strong  acids.  It  may  be  reduced  to  bilirubin.  The  neutral  or  faintly  acid  solution 
is  of  a  bluish-green  or  steel-blue  color  with  a  beaoiiful  red  ftuorcsccncc.     The 
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alkaline  sotuiion  h  of  a  urceii  color.  The  only  way  of  recognUing '^^^^mh 
bcaiiuful  »p«ctrtini. 

Cboletelin. — Cliolciclin  may  be  produced  by  thr  uxidatiun  uf  bilirubin  with 
HNOi  li  ii  lohible  u:  akoliol  giving  a  ruby-red  color.  The  diluic  *oluiion  i»  a 
yeUowi^ti-r«d.  and  does  nul  clianict  in  color  wiili  the  chatitce  of  mciion.  at  is  tin 
caic  of  urobilin.  It  doei  not  lUiurcscc.  Chemically  it  h  liniilar  to  iirohilin.  but  iu 
absorption  spectrum  diflcr^  and  with  ZnO:  it  ^iyci  nu  lUiur«ieencir.  It  i)  nut 
precipitated  by  I'bAc.  In  lesiing  llie  tjiecirum  ilic  solution  mutt  lie  made  acid  wrih 
acetic  acid,  and  the  linr«  for  urobilin  mii«t  not  be  mistaken.  The  iipEctniTn  is  (h« 
only  mcani  o(  recognition. 

The  rcdudble  body  of  StokrJa  it  a  by-produci  of  the  complete  oxi<lalion  ol 
bile  pigment.  It  i%  a  iiiliMance  soluble  in  water,  alcohol,  alkali,  and  dihiie  add. 
but  not  in  tihet  or  ehlorofotni  It  is  not  precipitated  by  PbAc,  but  is  by  PliAc 
and  NM.OH.  It  i«  characlcriicd  by  the  fact  that  if  lii  alkaline  solution  be 
boiled  with  a  reducing  snbitanee  t*.i'..  (NH.):S>,  the  solution  becomet  A  beau- 
tiful roicred  uiih  an  abiorplion  spectrum-  This  shaken  with  air,  the  rose  red 
disappcais.  and  ii  is  restored  In  its  original  color  with  the  disappearance  of  the 
apcclrum. 

Tile  color  of  the  urine  does  not  depend  alone  on  the  amonnt  of  bili- 
rubin present,  for  imicli  may  be  present  in  a  pale  urine  and  little  in  a 
very  dark.  In  general  it  varies  from  a  dark  yellow  to  brown  or  even 
greenish-black.  The  most  characteristic  feature  is  the  yellow  foam, 
since  in  a  very  dark  non-jatmdiccd  urine  tlic  foam  produced  by  ^haking 
is  pure  white  uide*s  much  nrot)ilin  be  present.  The  urine  lias  a  yellow 
sediment  and  stains  the  filter  paper  yellow.  As  a  rule,  in  such  urine 
there  is  also  an  excess  of  urobilin  and  indoxyl,  hence  when  the  bilirubin 
disappears  the  color  of  the  urine  still  remains  dark.  It  also  contains 
the  nucleo-albumin  of  the  bile.  Such  urines  are  not  adapted  to  Heller's 
albumin  test  since  the  oxidized  piKinent  will  confuse  one. 

Tests — If  there  Itc  much  bile  in  the  urine  it  may  be  shakai  out  with 
chlorofonn,  die  chlorofonn  extract  poured  off,  evaporated,  the  residue 
taken  up  again  with  chloroform,  and  cvajjorated  in  a  waioh-p;lass. 
Rhombic  prisms  of  bihrubin  are  seen  which  are  soluble  in  alkali,  give 
the  Gmelin  test,  and  on  exposure  lo  the  air  become  green. 

Gmei-in's  Test. — The  urine  is  superimposed  in  a  test-tube  on 
crude  IINOj  (sp.  gr.  at  least  1,4).  The  urine  is  best  added  with  a 
pipette  and  these  flniils  stralified  as  for  the  albumin  test.  The  HNOj 
should  l)c  faintly  yellow  with  HNOj.  not  tor)  much  nor  too  little  so. 
The  yellow  may  be  increased  by  adding  a  few  pine  shavings  to  the 
nitric  acid  or  diminished  by  adding  a  little  urea. 

If  bilirubin  be  present,  strata  of  colors  will  be  seen  in  the  urine 
which  froiu  above  downward  are  green,  blue,  violet,  red,  and.  just 
above  the  HNOj,  yellow. 

If  loo  much  HNOi  be  present,  icon  the  whole  i*  yellow.  This  Ie»I  cannot  b« 
applied  10  a  very  dark  urine  or  to  a  urine  rich  in  indican.  If  the  latter  be  present, 
the  blue  of  indigo  may  with  the  yellow  of  ilie  urine  give  a  deceptive  green.  The 
mc  has  a  black  tone,  and  n  tine  precipitale  can  be  seen  If  in  doubt  the  urtne 
may  be  extracted  with  chloroform  and  both  pigment*  tested  for.  A  violet-red  ring 
nuLy  be  due  to  akaioxyl.     Often  only  3  green  color  ia  seen.    Thii  is  necctuiry  for 
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dijisnovis,  >nd  most  persons  aicrve  1*  stiflicknt.  The  violct'reil.  according  to  oiliert, 
muit  also  be  prtscnt.  cXx  ihe  (csi  may  be  confined  wilh  th4t  of  lutein,  which 
gives  a  blue  or  a  Muisli-grccn  riiig-  btit  in  ilic  cnse  of  tiiinc  ihii  plitniciil  will 
not  ditlurb.  The  vi<il«-rcd  i»  due  to  ikaliil  and  imloxj'l.  Bilivcrdin  also  giv«t 
ihis  lesl,  but  ihc  reaction  ocniri  in  n  shorter  lime  «incc  the  first  oxidalion  step 
it  already  preseiil.  The  le*l  siay  (ail  if  loo  much  HNUt  be  in  the  nitric  acid,  since 
ihe  green  will  not  be  seen, 

Alcoholic  lolutiuiii  cannot  be  teited.  since  alcuhol  alone  wilt  give  ihis  tat. 
If  arinet  are  (hakcn  out  with  cihcr.  the  ether  must  be  alcohol -free,  und  ihit  i)  not 
always  the  c3>e 

If  urobilin  be  abundant,  the  bile  test  will  be  poor,  but,  as  a  rule,  it  doc;  not 
di«iuib  mnch.  Tlie  urine  thould  be  diluted  to  a  specific  gravity  uf  JO05.  and  the 
green  bile  tcm  obtained.  Some  prefer  always  to  dilute,  since  then  only  the  green 
is  seen. 

Lntein  of  the  leruin  does  not  dittiirb.  bill  met  hemoglobin  may.  An  abundant 
albumin  precipitate  will  obscure  the  icsi.  and  if  the  .tlbuniin  be  removed  it  will 
carrj-  the  bile  down  with  it,  Thi*  albumin  precijnwte  .vhovild  be  dried  and  ex- 
traded  «iih  chloroform.  A  trace  if  albuiinn  "ill  not  dicinrh  ihe  leM.  and  if  miieh 
bile  be  pre«enl  will  even  improve  it.  lincc  so  nmcli  "ill  be  carried  down  with  ilic 
precipitate,  but  if  only  a  trace  of  bile  be  present  and  a  trace  of  albumin,  the  Utter 
matt  be  precipitated,  dried,  and  extracted. 
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The  Gmeiin  test  is  said  to  indicate  as  little  as  i :  80.000, 
After  the  ingestion  of  .intipyrin  it  is  said  that  the  test  is  positive. 
RosKNBACirs  TEST  IS  thc  bcst  niodificatinn  of  Gnidin's  test,  being 
the  most  sensitive.  Much  urine  is  filtered  several  times  throiigli  a  fiber 
paper,  which  will  retain  the  bile-siaincd  elements  of  the  sediment.  The 
filter  is  then  partially  dried  with  dry  filter  pajwr  and  one  drop  of  yel- 
low HNO,  druppfd  upon  it.  Rings  will  he  seen  which  will  present 
ihe  above-mentioned  play  of  colors,  the  external  one  being  green.  Tlie 
nrinc  shonid  Ik;  somewhat  acidified  with  HCI  before  filtering.  If  the 
paper  be  allowed  to  dry,  it  should  bt;  again  moistened  with  water  be- 
fore Ihe  test  Instead  of  filter  paper  DragendorfT  ti.ses  a  porows  porce- 
lain plate. 


A  lest  coniidercd  by  »ome  very  delicate  i*  the  following.  A  test-tube  it  filled 
full  of  urine,  and  i  «,  of  chloroform  .ind  j  drops  of  HO  added.  It  is  then 
thoroughly  mixed.  The  bile  pigmeni.  which  act*  a>  an  acid,  is  set  free  from  its 
alkali  combination  by  thc  HCI,  and.  being  more  soluble  in  this  condition  in  cliloro- 
form  than  water.  i>  extracted  by  the  chloroform,  the  free  pigincnt  being  inioluhle 
ia  water  The  chloroform  i*  then  poured  oiT  into  another  test-tube  and  cijual 
amounts  of  water  added  One  drop  of  NaOH  is  ihcn  added.  lran>fornung  the  free 
pigment  i»  an  .ttknlj  salt,  which  is  again  soluble  in  water,  Thc  IliO  solution  >* 
(hen  teMed  with  niinc  acid,  or  the  cblorofonn  extract  may  be  evaporated  in  a 
wstch-gUss  and  ihe  crysul'  studied 

tty  another  method  ihe  urine  is  ccndered  alkaline  with  NaOH,  or  toda.  and 
prrcii<iiate4l  a*  long  as  :i  colored  preeipiiaic  falls  with  BaG,  or  CaCU.  or  the 
hydn>xidei  of  these  nieials.  Thc  yellow  precipitate  is  then  liltercd  off  and  iKiiled 
with  a!«>hol  plus  a  few  drop*  of  dilute  HiSO.,  A  beautiful  clear  green  solution 
b  nbtained-  If  no  pitrnieni  it  present  it  is  colorless ;  if  chtysopbanic  acid  is  present, 
orange-yellow     Tbiv  test  is  positive  when  other  tests  are  negative. 

The  bilirubin  may  alio  be  extracted  with  chloroform  from  acid  urine  (add  a 
_l«w  drops  of  HCI),  An  cmtihion  should  he  avoided,  however,  by  not  shaking  too 
irai»l)r-  In  case  It  be  necessary  to  test  the  urate  sediment,  and  this  may  contain 


nil  of  llie  bile  in  the  urin«.  the  sedimeiii  is  diuolved  with  »da  and  the  tolmion 
tested  lor  bilirubin. 

Hauiiarstek's  Test. — An  acid  niixnire  i^  utcil,  coti^istinit  of  i  part  35  p«r 
cent,  HNO>  iiiicl  ig  parii  uf  is  per  cent.  HC1,  Thii  reagent  it  annnt-'d  |o  ^tand 
titiiil  yclliiw.  To  t  pan  of  this  are  added  4  of  alcohol:  this  niixlurc  i>  made 
frcih  bcfure  cacli  ie»i-  To  a  few  cubic  ccntitncirci  of  this  fluid  are  then  added 
a  (cw  drops  of  a  bihnibiii  !ioltitluiv  At  once  ih  obialiied  a  prrnuneiit  beauiifut 
green  color.  If  more  acid  be  added  we  gel  at  will  the  otlicr  colon,  even  the  yello* 
cbol«icliiv  But  for  mine  thJ6  test  must  be  modified  somewhat.  Ten  cc,  of  urine 
are  placed  in  a  15  cc.  iitbc  of  a  centrifuge,  a  few  cubic  centtmelres  of  UaCU  tob' 
lion  added  and  the  mixture  cenirifuBaliied  (or  from  one-half  to  one  minute.  The 
supernatant  llnid  it  then  poured  olT.  1.3  cc.  of  the  above  acid  reagent  arc  thca 
added  to  the  sediment,  this  ^hnken  well  and  rcmrifuBalizrd  for  half  .1  nnnutc.  (If 
CaCIt  be  used,  this  last  ctntnfugaluaiion  i»  not  necessary. )  A  green  lohition  it 
obtained.  Tlie  tc^t  is  vny  debcatc.  being  postlive  if  there  ii  1  part  of  the  pigment 
in  500,000  to  i,ocx),ooo  parts  of  urine. 

Hui'Pkrt's  Test. — Ten  cc.  of  urine  arc  made  alkaline  with  &<Mla 
and  CaCI;  added  as  lonfi  as  a  precipitate  is  formed.  This  is  fiUei^ 
in  a  small  filter  and  washed  with  water.  T1i«  filter  with  the  precipitate 
is  then  placed  in  a  porcelain  disli  and  acid  alcohol  ( 5  cc  IICl  in  too  cc. 
ot  alcohol)  added.  This  is  heated  and  fiives  a  srecn  to  a  hlue  colored 
sohitioii.  This  test  is  advised  should  indican  be  ahimdanl  or  the  urine 
dark  in  color. 

Nakay.\m.\'s  Modification  of  Hl-pi-ert's  Test. — The  reagent 
used  consists  of  95  percent,  alcohol,  99  pans;  fuming  HCI,  1  part:  and 
4  gtns.  Fe.C!„  i>cr  litre  of  the  above  mixture.  To  5  cc.  of  acid  urine 
are  added  an  equal  amount  of  10  jier  cent.  BaCl^  solution  and  centrifti- 
galized.  The  supernatant  clear  fluid  is  poured  off.  to  the  precipitate 
are  added  2  cc.  of  the  above  reagent,  and  the  fluid  is  then  heated  to  a 
boil.  A  green  solution  is  obtained,  or  a  bluish  green,  which  on  the 
addition  uf  yellow  HN"0,  becomes  violet  or  red.  The  test  is  said  to  he 
positive  for  i  part  of  bilirubin  in  1.200.000  parts  of  urine;  that  is,  it  is 
almost  twice  as  delicate  as  Huppcrl's  le^t. 

The  following  very  iniporiani  test  or  inorlifications  of  it  has  gone 
under  four  different  names,  Trousseau's,  jierha|>s.  having  priority. 
The  urine,  acidified  if  necessary  with  acetic  acid,  is  mi.\ed  with  a  tinct- 
ure of  iodine,  or  a  contact  test  tuade,  the  iodine  tincture  l)cing  sttper- 
impo,<ie<l  tipon  the  urine.  A  fine  emerald-green  color  is  obtained  (which 
is  not  bilivcrdin  but  a  substitution  product  of  bilirubin  with  iodine). 
This  test  is  more  sensitive  than  Gnielin's;  it  is  even  more  delicate  if 
the  tincture  of  iodine  he  diluted  1  :  10  with  alcohol  (  hence  a  i  per  cent, 
iodine  solution)  and  the  urine  be  overlaid  with  this.  A  green  ring 
ajipearing  at  once  or  in  one  minute  will  indicate  bile  (  Rosin )-  In  this 
test  there  is  no  confusion  with  indoxyl.  It  is  sai<I.  however,  that  some 
normal  urines  will  give  a  positive  test.     (CI  or  Br  may  also  be  used.) 

SniEVis'*  Cholxcvamx  TEar.— -Titis  test  ts  a  good  control  if  bile  be  prcMnt 
wilh  much  other  pigmeni.  but  ti  if  not  ai  delicate  st  tome  of  the  above:    To  30  to 
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JO  tc.  o(  urine  are  added  5  to  10  cc.  o(  ZnAc  noltiiioii.  A  little  sods  is  added  to 
rc<]i»ce  the  aciility.  Oi.  m  per  ceni  ZnCI.  Miliuion  may  l>c  uscfl.  Ii  >>■  llieii 
6Uercd.  The  pfccipiiatc  cuniaini  all  of  the  bile  Thi*  i^  diMclved  in  NH.OH.  The 
Mt  iiiKiticni  i*  now  in  ihe  fffin  ot  chnkcyuniH,  The  soluiion  1*  ncutraliied,  U  of 
a  LIue-grecn  color,  with  a  red  Ruorevcence  and  a  characieri.itic  three-band  apectriim- 
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Many  of  these  icsts  are  jpwd.  Some  when  only  bile  is  present, 
I  nhers  when  many  other  pigiiieiils  also. 

Certain  siiljstancc<i  may  be  in  the  urine  which  it  is  important  ^hoiiUI 
not  be  niisiakcii  for  bile,  as  after  tlie  use  of  rhubarb,  senna,  and  san- 
tonin. The  change  of  cokir  of  these  nriiies  to  red  on  ihe  addition  of  an 
alkali  should  prevent  confusion.  Tlie  color  is  restored  if  the  urine 
be  ai^in  acirlificd. 

Microecoptcally.  it  is  ini|)ortant  to  recogni/e  the  crystals  of  bili- 
nd>in.  The>-  are  commonly  present  in  jaundiced  urine  if  concen- 
tratctl  for  Icuein  and  tyrosin.  The  urine  is  rendered  acid  with  HCl 
and  allowed  to  stand  in  the  cold.  Milirn1)in  will  precipitate  out  in  in- 
tensely brown  sheaths  or  rhombs  often  with  rounded  edges ;  their  color 
sbotilil  prcvcnl  any  confusion. 

It  is  sometimes  desirable  to  remove  bii.e  from  the  urine.  This 
may  Iw  done  by  extr-icting  a  urine  acidilic<l  with  HCl  with  chloroform, 
or  by  briefly  Iioiling  with  a  little  animal  charcoal.  This  latter  method 
slioulr]  l>e  carefully  used,  since  other  stilistanccs  perhaps  the  one 
sought  for.  may  also  lie  removed. 

KMn04  in  acid  solution  destroys  the  bile  pigments  |>crfcctly.  Two 
drr>p8  of  HNO,  or  HCl  per  1  cc.  of  urine  are  adile<l.  and  2  drops  of 
4  per  cent.  KMnO,.    The  urine  is  then  warmed  and  shaken  a  little. 

Bouma  **  reconmieiids  the  following  qu.\ntitativk  retermika- 
TION  FOR  BII.E :  To  10  cc.  of  fresh  urine  are  adiled  2  cc.  of  20  per 
cent.  CaCI;  solution,  and  the  urine  is  then  almost  neutralized  with 
Xfi.OH.  The  slightly  .ncid  urine  is  then  ccntrifugalizcd.  then  again, 
lo  wash  llic  sediment,  then  llic  tluiil  entirely  ilecantcd.  and  5  cc.  of 
a  mixture  of  4  cc.  of  absolute  alcohol  and  1  cc.  of  Olwnnayer's  reagent 
(1.5  gms.  of  Fe^Clrt  in  i  litre  of  HCl.  sp.  gr.  1.15)  are  adde<l.  all 
p(«ire<l  into  a  test-tulie.  and  compared  with  a  set  i>f  six  stamlard  tnlws 

match  the  bihverdiii  which  has  been  fonned.  If  nnicli  bilindnn 
niore  than  itx)  mg.)  he  present,  the  urine  is  diluted  with  normal 
tirine  (thus  not  diluting  the  phosphates  1. 

Melanin- Melanogen — In  the  case  of  melanotic  tumor*  this  suh- 
.ince  or  substances  (Morner)  m.iy  Ite  present  in  Ihe  urine.  Tlie 
chromngen  is  colorless,  but  the  urine  on  standing,  or  after  the  addi- 
tion of  an  alkali  or  oxidizing  agent,  turns  black,  beginning  at  the 
top;  it  m-iy  be  intensified  by  adding  HN'O,  or  FcsGn-  It  is  insoluble 
in  chloroform,  which  prevents  its  confusion  with  indoxyl.  It  may  be 
*  Dctilsche  med.  Wochen«c1ir.,  1004,  No.  34. 
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present  as  an  amorphous  sediment.    It  is  decolorized  by  boiling  with 
NHO3. 

Rosenbach's  Reaction — The  urine  is  boiled,  adding  from  time  to 
time,  drop  by  drop,  strong  nitric  acid.  The  urine  takes  a  Burgundy- 
red  color  and  the  foam  a  bluish-red.  The  foam  must  be  of  this  color, 
since  the  red  of  the  urine  may  be  due  to  urobilin.  (An  excess  of  HNO3 
gives  a  yellowish-red  to  yellow  color  with  a  yellow  foam.)  If.  then, 
soda  or  ammonia  be  added  drop  by  drop  we  get  a  bluish-red  precipitate 
soluble  in  excess  and  a  brownish-red  solution.  This  test  is  said  to 
be  due  to  indigo-red  (Rosin),  perhaps  also  skatoxyl-red.  It  has  the 
same  significance  as  the  indoxyl  reaction. 

Bile  Acids. — Giycocholic  and  taurocholic  acids  are  denied  to  be 
constituents  of  normal  urine,  as  was  formerly  believed,  but  they  may 
occur  in  large  amounts  in  jaundice,  especially  the  obstructive,  although 
none  may  be  present  even  here,  and  in  toxic  jaundice  they  appear  but 
in  traces.  Formerly  their  presence  was  supposed  to  speak  against 
the  latter,  but  they  are  of  little  value  in  this  differentia!  diagnosis. 
Their  direct  detection  in  the  urine  is  impossible  unless  0.5  per  cent,  of 
the  acid  be  present. 

Separation. — Thierfeldcr  recommends  that  the  urine  be  concen- 
trated to  a  small  volume,  the  residue  extracted  with  strong  alcohol, 
and  filtered.  The  alcohol  is  evaporated  and  the  urine  precipitated  with 
basic  PbAc  and  NH4OH.  The  precipitate  is  washed  with  water,  dried, 
treated  with  boiling  alcohol  several  times,  and  filtered  hot.  The  filtrate, 
plus  a  few  drops  of  soda  solution  to  decompose  the  Pb  salts,  is 
evaporatetl  to  dryness,  the  residue  extracted  with  absolute  alcohol, 
filtered,  and  a  great  excess  of  ether  added  and  allowed  to  stand.  An 
amorphous  precipitate  of  the  sodium  salts  of  these  acids  is  obtained, 
later  crystalline.  The  precipitate  is  dissolved  in  water  and  tested  by 
Pettinkofer's  test. 

Tyson  Method. — From  180  to  240  cc.  of  urine  are  evaporated  to 
dryness  on  the  water-bath.  An  excess  of  absolute  alcohol  is  added 
to  the  residue  and  filtered.  To  the  filtrate  are  added  from  12  to 
14  volumes  of  ether,  which  precipitates  the  bile  acids.  They  are  then 
filtered  off,  dissolved  in  distilled  water,  and  decolorized  with  animal 
charcoal. 

Peilinkofcr's  Reaction. — To  the  solution  in  a  test-tube  is  added  a 
little  cane-sugar  and  then  slowly  drop  by  drop  concentrated  H;S04, 
shaking  well  all  the  time  and  warming  to  70°  C,  not  over,  and  cooling 
if  necessary.  We  get  first  a  precipitate  of  cholic  acid,  which  redis- 
snlves.  Then  when  more  HjS04  is  added  there  is  obtained,  first  a 
cherry-red,  then  a  beautiful  purple  color,  which  in  eight  days  is  a 
bluish-red.  This  color  i^  due  to  the  reaction  of  cholic  acid  and  the 
furfurol,  which  is  formed  by  the  action  of  sulphuric  acid  on  cane- 
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sugar.  The  puni'c-red  solution  may  be  diUitcd  with  alcohol,  and 
shows  a  characleriatic  absor|Hioii  spectnmi,  Ci^niiisiiig  siihsUinces 
which  may  )ic  present  are  allniminous  bodies,  many  bodies  easily  de- 
composed W  HjSO^,  many  pigmentji.  ainyl  aleohol.  and  oleic  acid; 
but  in  all  these  the  absorption  *pecirnni  fails. 

Udransky's  Test. — Tliis  is  the  best  test.  Furfiirol  is  used  directly. 
To  1  cc.  of  the  solution  to  be  tested  is  added  i  drop  of  a  o.l  per  cent, 
^vatery  fnrfurol  solution.  Tliis  is  imderlaiil  with  I  cc.  of  coiicentraied 
HjSO,  and  cooled  to  restrain  the  reaction.  In  the  presence  of  only 
0.033  "ip-  <*f  cholic  acid  is  obtained  a  red  color  which  after  standing 
l>eco«nes  a  blood-red.  H  0,05  nig.  be  present,  one  gels  a  distinct 
al}Sorption  line  in  the  spectrum.  The  spectrum  must  always  be  ex- 
amined for  confirmation.  -V  10  per  cent,  cane-sugar  solution  will  give 
as  good  a  test  as  a  o.i  per  cent,  fiirfurol  sohtliun.  The  red  color  must 
have  a  clearly  bluish  tinge. 

If  Ihc  cane-sugar  be  u*ed  in  excess  ii  is  burned  10  a  brown  or  n  black.  An 
tXfm  of  furfiirol  sfWfi  an  oranK?  color.     Oxiiliiinn  bodici  prevent  Ihe  reaclion. 

Siranburgcr't  tr^i  m»y  he  ^lomclimcs  applied  ditccily  In  ihc  urine.  Il  is  use- 
lew,  however,  liiicc  iiomiaj  uime  will  give  a  confusing  color,  and  jaundited  urine 
ic  nni  %uilablc  became  of  ils  color,  l^his  icst  is  eaw  if  a  lillle  bile  be  added  10 
nurmut  urine,  but  il  i«  almusl  impo^tlble  to  apply  in  a  juiindiced  itrine.  To  the 
nrinc  wa«  added  a  link  cane-<ugnr  .nnd  then  (ilicrcd;  ihc  filter  paper  wat  dried, 
and  one  drop  of  pure  sulphuric  acid  added.  In  Hboiit  a  (tuarter  of  a  minute  is 
seen  a  violet  »pol-    This  will  detect  0.3  gm.  in  I  lilte 

Skaioxyl  and  indoxyl  will  iiive  a  violet  color,  and  with  concentrated  normal 
urine  Iieautiful  pniitivc  ic«Ii  may  be  obtained. 

If  one  wishei  to  be  sure  of  bile  acids  chcy  miisl  be  isolated  ai  lead  salts,  Ilie 
other  lexis  being  uautii factory. 

Hay's  test  for  bile  acids  is  said  to  Iw  very  easy,  sensitive,  and  accu- 
rate, being  given  by  no  other  body  occurring  in  the  urine,  and  more 
delicate  than  the  Peltinkofcr  test.  On  the  surface  rjf  the  nrinc  ( which 
has  been  cooled,  if  necessary,  to.  at  the  highest.  17"  C.)  is  sprinkled  a 
little  finely  jjowdcred  sulphur.  If  the  sulphur  sinks  at  once,  it  indi- 
cates 1:  10,000.  If  it  sinks  after  shaking  gently  and  waiting  one 
minute,  i  :  40.000.  It  is  given  by  even  i :  1 20,000.  Tlie  bile  salts  are 
said  to  lower  the  surface  lension.*" 

Diazo  Test. — Certain  diazo  Imdies  combined  with  aromatic  com- 
pounds give  .1  colored  reaction,  .\  test  depending  on  this  is  recom- 
mended by  Khrlich  for  clinical  use.  What  body  or  bodies  give  it  in 
the  urine  are  unknown,  but  the  empirical  value  of  the  test  is  granted. 
Since  there  arc  a  great  many  diazo  lests  for  various  Ixidies,  one  must 
be  careful  in  modifying  this  one  of  Ehrlich. 

Fluids : 

(1)  One-half  per  cent-  NaNOj.     This  should  be  quite  fresh. 
•  Beddard  and  Pcmbrey,  Brii.  Med.  Jour,  March  m.  1902. 
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(2)  Five  parts  of  sulphanilic  acid,  50  of  HCl,  lOOO  of  distilled 
water. 

To  250  cc.  of  the  second  are  added  5  cc.  of  the  first  solution.  Only 
a  fresh  mixture  (not  over  one  day  old)  should  be  used.  Equal  parts 
of  the  urine  and  this  mixed  reagent  are  shaken  together  until  con- 
siderable foam  is  produced  and  ammonia  is  then  quickly  added  in 
excess;  usually  it  is  added  drop  by  drop,  although  we  are  warned  not 
to  thus  modify  in  the  least  the  original  technic.  If  the  test  be  posi- 
tive, the  urine  will  take  an  intense  red,  the  foam  a  more  or  Jess  bril- 
liant rose-red  color.  A  brown  color  is  often  obtained  in  normal 
urines,  and  unless  the  color  is  a  definite  rose  the  test  should  be  con- 
sidered negative;  a  salmon  tint  is  not  positive.  If  a  positive  test  be 
allowed  to  stand,  a  precipitate  should  form,  on  the  upper  surface  of 
which  is  a  zone  of  dark  greenisli-black,  or  violet.  In  case  the  color 
of  the  foam  is  doubtful, — if,  for  instance,  after  shaking  the  red 
disappears, — we  are  recommended  to  wait  twenty-four  hours  for  this 
precipitate.  Others  consider  that  the  sediment  is  a  less  delicate  indi- 
cator than  is  the  color  of  the  foam,  and  is  not  essential  to  a  positive 
test,  hence  neglect  it. 

Some  say  the  red  color  must  remain  in  the  fluid  until  the  foam  is 
gone. 

In  Green's  modification  100  parts  of  solution  2  are  used  with  i 
part  of  the  nitrite.  This  renders  the  test  more  delicate,  since  fewer 
unexpected  positive  results  are  obtained.  With  strong  enough  reagents 
every  urine  will  react  positively. 

Sulphanilic  acid  is  usually  used  for  the  reagent,  and  yet  Zunz  pre- 
fers the  paraniido-acetophenol  of  Friedenwald's  formula  1  *** 

Paramulo-aceiophenol.  50  gms. 
Cone.  HCl.  50  cc. 
Water,  q.  s.  ad  1000  cc. 

Four  drops  of  a  0.5  per  cent,  solution  MaNOn  are  added  to  10  cc. 

of  the  above  solution,  and  this  to  10  cc.  of  urine.  The  mixture  is  then 
shaken,  about  3  cc.  of  ammonia  added,  and  the  color  of  the  foam 
observed.  It  is  more  delicate  and  intense  than  the  sulphanilic  acid. 
This  author  prefers  to  add  the  ammonia  all  at  once,  and  not  drop 
l)y  drop.  He  considers  the  foam  as  the  more  important,  and  the 
precipitate  of  less  value,  not  sufficient  to  make  the  test  positive  should 
the  foam  be  negative.  The  disturbing  bodies  may  many  of  them  be 
removed  by  shaking  the  urine  out  with  amy)  alcohol,  which  must  itself 
be  then  driven  off  on  the  water-bath. 

The  test  is  further  modified  by  Guillemin.     Fifty  cc.  of  HCl  are 
added  to  i  litre  of  saturated  aqueous  solution  of  sulphanilic  acid. 
"New  York  Med.  Jour,.  1854,  p.  745. 
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Two  and  one-half  cc.  of  urine  plus  an  equal  amount  of  this  reagent 
are  mixed,  and  then  are  added  tw©  drops  of  NaNO^  solution.  It  is 
then  well  shaken  and  from  7  to  10  drops  of  NH^OH  added. 

Lamanna  makes  the  solutions  with  absolute  alcohol  instead  of 
water. 

Solution  I.       50  cgms.  sulphanilic  acid; 
S  ccHCl; 
TOO  CC.  absolute  alcohol ; 
5  cc.  glacial  acetic  acid. 

Solution  11.     so  cgms,  NaNO:: 

50  cc.  absolute  alcohol. 

To  5  cc.  of  urine  is  then  added  i  cc.  of  NH^OH.  The  reagent 
mixed  as  in  the  other  tests  is  then  added  drop  by  drop.  If  the  test  is 
not  positive,  a  few  more  drops  of  the  NaXOj  may  be  added. 

Se\-eral  methods  of  quantitative  determination  have  been  at- 
tempted. Konig  places  in  a  burette  25  cc.  of  filtered  urine  plus  5  cc. 
of  XH4OH.  In  a  second  burette  is  a  mixture  of  50  cc.  of  the  sul- 
phanilic acid  solution  and  i  cc.  of  NaXOa  solution.  Into  a  flask 
are  measured  5  cc.  of  the  urine  solution,  and  then  from  the  other 
burette  the  mixture  is  added  drop  by  drop  until  a  red  color  appears 
in  the  foam  and  fluid  which  just  persists  after  shaking. — Nizzoli  de- 
termines it  quantitatively  by  diluting  the  urine  until  the  test  is  just 
positive.  This  is  the  method  preferred  by  Zunz,  who  considers,  how- 
e\-er,  that  the  determination  takes  more  time  than  it  is  worth. 

The  urine  soon  loses  its  property  of  giving  a  positive  test,  but  after 
a  few  days  of  ammoniacal  fermentation  the  test  reappears. 

If  necessary  to  keep  the  urine  several  days  before  testing  it.  ether 
may  be  added. 

Some  prefer  to  concentrate  the  urine  on  a  water-liath  to  a  syrup 
(Michaelis)  and  get  a  positive  test  in  some  cases  in  which  the  urine 
gave  none.  Zunz  has  done  the  most  of  his  careful  work  with  such 
concentrated  urines.  That  this  does  not  always  help  matters  has  l>cen 
shown  by  Imhoff,  who  fouml  in  the  experimental  tuberculosis  of 
rabbits  that  the  concentrated  urine  may  give  a  brown  foam,  but  if 
diluted  to  its  previous  volume  the  foam  becomes  a  brilliant  red.  In 
the  case  of  the  human  urine  similar  observations  have  been  made  by 
Dr.  Hirschfelder.  who  tests  the  undiluted  and  the  diluted  urine  as  a 
routine.  In  work  done  in  this  clinic  we  have  been  in  the  habit  of 
testing  the  dilute<l,  the  concentrated,  and  the  unaltered  urine.  I  am 
told  that  certain  urines  giving  no  test  according  to  usual  technic  give 
a  good  one  if  only  one-half  volume  of  reagent  is  used. 

\Miat  the  body  is  which  gives  the  red  color  when  combined  with 
a  diazo  is  not  known.  One  of  the  interesting  recent  suggestions  is 
that  of  Bondziriski.  who  found  alloxj-proteinic  acid  in  all  normal  uriiws 
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and  since  it  will  give  tlie  test  suggests  that  it  is  the  cause.  Clem- 
ens replied  that  this  was  not  the  important  bodysince  the  body  giving 
it  is  sulphur-free. 

Occurrence. — In  health  the  test  is  never  positive.  Ehrlich  hzs 
divided  the  diseases  into  four  groups.  In  the  non-febrile  diseases  it  is 
rarely  positive;  in  advanced  heart  disease,  chronic  hepatitis,  carci- 
noma, especially  of  the  pylorus,  leukaemia,  marasmus  senilis,  malarial 
cachexia,  tuberculous  abscess. 

Febrile  Diseases. — Of  these  there  are  three  groups:   . 

( 1 )  Those  in  which  the  test  is  almost  never  given, — e.g.,  acute 
articular  rheumatism  and  meningitis. 

(2}  Diseases  in  which  it  may  or  may  not  be  positive, — as  pneu- 
monia, scarlet  fever,  diphtheria,  erysipelas,  and  phthisis. 

(3)  Those  in  which  it  is  almost  constantly  present, — typhoid 
fever  and  measles. 

Lobligeois  in  scarlet  fever  found  the  test  positive  in  42  of  52  cases, 
and  in  but  3  of  137  cases  of  diphtheria.  He  considers  it  therefore 
important  in  the  diagnosis  of  cases  of  diphtheria  with  a  scarlatinal  rash 
— e.g.,  the  serum  erythema.  Brunschwig  found  that  in  children  the 
reaction  is  always  positive  in  typhoid,  often  in  scarlet  fever,  quite  often 
in  measles,  rarely  in  pneumonia,  and  never  in  whooping-cough.  Tro- 
pea  and  Brancati  consider  the  test  is  not  very  vakiabie,  since  it  occurs  so 
variably  in  some  diseases,  so  often  in  others,  and,  they  claim,  in  some 
normal  persons.  In  disease  they  suppose  it  to  depend  upon  the  viru- 
lence of  the  organism  and  the  products  of  the  breaking  down  of  body 
tissues. 

Ehrlich  considers  that  in  the  first  two  groups  of  fevers,  those  in 
which  it  is  almost  never  and  those  in  which  it  is  sometimes  present, 
the  positive  reaction  means  a  poorer  prognosis.  In  sus|)ected  typhoid 
fever  it  is  agreed  that  its  continued  absence  speaks  strongly  against  that 
diagnosis,  also  that  its  reappearance  allows  of  a  differentiation  between 
a  relapse  or  recrudescence  of  the  typhoid  and  a  fever  due  to  a  compli- 
cation. Johnson  found  it  present  in  over  80  per  cent,  of  his  cases. 
Montier  found  the  test  present  in  all  cases  of  the  pulmonary  type  of 
typhoid  fever.  Delearde  and  Hautefeuille  *'  found  the  test  positive  in 
severe  cases  of  typhoid  fever,  and  considered  that  drugs  had  no  influ- 
ence, nor  di<l  it  bear  any  relation  to  intestinal  putrefaction.  Phenol 
is  an  important  body  to  inhibit  its  appearance.  Others  consider  that 
in  typhoid  fever  it  is  of  no  value,  since  early  when  most  wanted  it  is 
so  often  negative. 

In  phthisis  it  is  supposed  to  indicate  a  bad  prognosis,  although  the 
previous  opinion  of  Michaelis  that  such  cases  were  always  fatal  is  not 
borne  out  by  the  experience  of  others.  Boissiere  found  it  in  18  of  130 
"  Compt.-rend.  Soc.  Biol.,  vol.  liv.  p.  279- 
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severe  cases.  There  is  some  reason  lo  iliink  lliat  in  tuberculosis  it  is 
due  not  to  the  tubercle  bacillu!),  but  to  sonic  secoiulary  inlectton. 

It  cannot  be  used  to  distinguish  between  tyi)hoid  fever  and  miliary 
tuberculosis,  since  in  the  lailer  it  is  so  often  present.  It  occurs  also 
in  puerperal  fever  and  in  actinomycosis  of  the  lung. 

'["he  work  of  Zunz  *"  i»  of  particular  interest  to  us,  since  it  seems 
to  have  been  done  with  exceptional  care.  His  ajnclusions  arc  that 
the  value  of  tlic  test  is  limited  lo  the  early  diagnosis  of  typhoid  fever 
and  to  the  prognosis  of  iul)erculou8  pneumonia,  yet  in  the  latter  disease 
its  presence  may  not  mean  a  hopcle'iii  one:  that  it  is  of  diagnostic 
value  in  early  cases  of  measles,  and  s])caks  in  favor  of  tuberculosis  in 
cases  of  peritonitis,  pleurisy,  and  nephritis;  it  is  often  present  in  ery- 
sipelas; if  present,  the  prognosi.s  in  a  case  of  cancer  or  sarcoma  is 
more  serious  ;  in  cases  of  pneunioniu  and  pyuthurax  ( non-tuberculous) 
the  test  means  merely  disturbed  nietalxjlisni;  in  certain  cardiac  affec- 
tions it  speaks  in  favor  of  a  reserved  prognosis:  in  conclusion,  it  is 
a  useful  test,  but  its  value  ha^  been  much  exaggerated. 

Many  consider  that  the  ingestion  of  certain  drugs  prevents  the  test, 
as.  for  instance,  phenol,  salol,  Iwnzonaphlhol;  not  that  these  lx)dics 
inhibit  the  formation  of  substanc*^  giving  the  test,  but  that  they  them- 
selves unite  with  the  reagent,  tlius  preventing  the  reaction,  and  if  they 
are  extracted  with  amyl  alcohol  the  test  is  positive.  Zunz  does  not 
agree. 

PIcal "  found  it  present  in  tj-phoid  from  the  middle  of  the  first  to 
the  end  of  the  third  week :  in  measles,  before  the  eruption  and  during 
the  onset.  His  suggestion  is  that  apart  from  these  conditions  it  occurs 
in  streptococcus  septica^mia,  which  explains  its  presence  in  the  angina 
of  scarlet  fever,  advanceil  lung  tuberculosis  and  other  forms  of  severe 
tuberailosis,  and  in  conditions  with  a  general  sqitic^imia. 

We  find  the  test  verj-  valuable.  When  present  it  is  strong  evidence 
in  favor  of  typhoid  fever.  In  our  typhoid  cases  the  test  very  soon  is 
tt^ative,  the  result  of  the  diuresis  we  encourage. 


Ehriich's  "Egg-Yellow  Rrtclion."— Ehrlich  has  called  auention  to  a  tome- 
wh»t  chsracteriMtc  rciiclinn  in  case*  of  pneumonia  befi>re  and  during  the 
critin.  H  lli<  diaro  ten  be  ified,  the  mine  and  the  foam  lalie  a  yellow  color  before 
the  addition  ot  amninnJA.  .^flcr  it  is  added  the  color  ehiingei  to  »  tighter  yellow. 
Ehrtich  ascribe*  the  rcaclion  to  the  urnbilogcn  formed  from  ihe  urobilin  of  the 
exudate,  and  thinks  thai  it  predict*  the  crisii.  Otheri  think  its  valtie  Mill  uncer- 
tain. 

Ehrlicfa'i  DimethylamidobenEBldehyde  Reaction.— This  it  another  color 
t<«l  pTo(MMcd  with  the  hojie  it  would  Inni  '<w  of  vjilne.  nimclhylitmidoWnialde- 
hyde  is  dissolved  in  equal  pnrts  nf  cone.  Ilt'l  .iru!  HiO  to  make  ft  3  per  cent, 
(oluilon.  From  5  lu  lu  drop*  of  this  urc  Added  to  n  few  cubic  ccntimelret 
of  urine  in  a  tc*<-itibe.     Thi»  is  lhcii  agit-nicd  a  few  minutes  or  set  aside,  and 

■  Bull,  de  r.\cad,  roy.  de  mcd.  de  Belxiquc,  scr,  Iv.,  i.  xiv,  p.  553, 
Wien.  klin    Wochenschr..  190J.  No.  31, 
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ihen  ihc  color  noted.  Normal  iiriiies  give  n  greeiiinh-yeHow,  hot  WMne  patho- 
logical ctici  i  ditiinci  chcrrj'-reij  color,  wliicli  coiifttimcs  a  positive  tot.  Thit 
occurs  in  a  variety  of  conilitioiii.  tncludinic  phtlnsii.  lyplioid.  and  chronic  enttrilii. 
Fr«ili  urine  mli»l  be  u^ed  and  noi  healed.     Nothing  of  value  hat  reiullcd  as  ]rct' 

FERMENTS 

Ferments — Several  fcmicnts  have  been  deinonslralcd  in  the 
urine  in  health  .iml  iti  disease,  in  aiituuiils  depemUng  on  the  general 
condition  ot  ihe  palicnt.  The  most  iniporiam  of  these  is  pepsin.  To 
demonstrate,  pure  fihrin  is  allowed  to  stand  for  several  hours  in  the 
fresh  nriiie.  This  will  ahsorb  a  great  deal  of  the  pqisiti.  Tlic  fibrin 
is  then  removed,  pLiccd  in  dihile  hydrncliloric  acid  and  this  in  a 
thermostat.  If  digestion  occurs  in  acid  iiiechiini  pepsin  is  demon- 
strated. Maitlies"*  has  shown  that  a  certain  anionnt  of  the  pepsin 
is  rcahsorl>ed.  Trypsin,  it  is  said,  has  hccn  fouii<l.  but  this  has  twt 
been  conlinned.  A  uiastatic  ferment  surely  occurs  in  si>iuc  cases 
and  reiiiiin  as  well,  li  is  claimed  that  there  is  a  feniient  which  breaks 
up  the  urea  nmlcciilc  forming  ammonia  Imdics.  Such  ferment,  how- 
ever, needs  further  demonstration. 

Ginically.  pepsin  lias  been  fonnd  absent  in  typhoid  fever,  and 
diminished  gastric  secretion  as  in  cancer.^"  The  question  whether  such 
ferments  occurred  in  the  blood  or  were  formed  by  the  secreting  cells 
of  the  mucosa.  Dell"  Scnla"^  decided  in  favor  of  the  former.  He  re- 
ports them  diminished,  even  absent,  in  severe  disease  of  the  nervous 
system,  especially  those  with  convulsions  and  loss  of  consciousness. 

Lipaae"*  is  not  present  normally  or  only  in  traces.  It  is  present 
in  jaundice,  perhaps  in  traces  in  diabetes  mellitus,  but  is  found 
especially  in  llmsc  conilition.i  with  fat  necroses  (in  dogs  after  mechani- 
cal injury  of  the  pancreas,  after  tying  the  pancreatic  duct). 

Mkthod  (Kastle-Loe\ve.nii.\rt). — In  each  of  three  flasks  are 
measured  5  cc.  of  urine.  'Hie  second  llask  is  boiled.  To  the  tliirti  are 
added  3  drops  of  phenolphthalein  ( 1  per  cent.)  and  it  is  titrated  with 
tenth-normal  N'af)H  till  faintly  pink.  Tliis  amount  of  alkali  is  then 
added  to  flasks  i  and  3.  To  each  of  these  is  then  added  0.25  cc.  of 
ethylbutyrate  and  0.1  cc.  toluene,  and  they  placed  in  a  thermostat  at 
39"  C,  for  twenty  hours.  An  amount  of  tenth-normal  HG,  which  is 
0.5  cc.  more  than  the  ainomit  of  tenth-nonnal  XaOH  previously 
added,  is  ihcn  added  to  each,  they  arc  shaken  out  with  50  cc,  of  ether 
and  25  cc.  of  alcohol.  3  drops  of  the  phenolphthalein  solution  are 

"Simon,  .^m.  Jour  Med  Sci..  igojr 
"Arch,  f,  Bxp,  Path,  lyo.i,  vol  xlix.  p.  107. 
"  See  Kricdberger,  Gi«scii,  1899- 
"CentralM    (,  inn    Med.  igos.  No    ij. 
•■  See  Hewlett,  Jour.  Med.  Research.  1904.  vol.  vL  p.  377:   "'so  Garnler,  Cbmpt.- 
fcnd..  1903.  vol.  V.  p.  1064. 
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added  to  Ihc  ciIkt  extract  and  the  amount  of  butyric  acid  split  off 
titrated  with  tciith-noriiiul  KOH. 

In  caw  5  cc.  of  urine  for  each  flask  is  not  available  the  figtire 
obtaino]  from  the  smaller  amount  is  calculated  for  5  cc,,  using;  tlic 
fiirtnula  tliai  the  amount  of  ferment  action  varies  as  the  square  root 
of  the  aniouiu  oi  femieni  present. 

CARBOHVnRATES   AND   At.l.tED   BODIES   IN   TnF.   fBISE 

A  small  amount  of  airboliydratcs  is  a  normal  ingredient  of  the 
urine.  Three  have  been  demonstrated. — glucose,  animal  gum,  and  iso- 
maltosc.  Related  bodies  are  also  present, — the  jiaircd  glycuroiiic  acid 
cui)i|K)und8.  chondroidin-sulphuric  acid,  nuclcinic  acid,  and  tlic  mu- 
coid of  the  nulwcula,  .sometinies  also  pentose.  The  total  output  of  these 
carbohydrates  measured  as  glucose  amounts  to  from  2  to  2.23  pms.  in 
twcnty-fotir  hours.  Of  glucose  there  is  nonnally  from  0.38  to  0.63 
gm.  in  twenty- four  hours  (Xaun\*n,  0.4  to  1.4  gms.). 

The  TOTAL  c.\B8oiiYtiiiATES.  (crmcntable  and  unftrmen table,  may  be  (telermined 
aji  ihc  bmioy letter.  The  urine  it  made  alkaline  with  N'aOH  and  the  phosphaiet 
filiered  oS.  To  llie  filirate  in  a  llask  are  added  4  cc.  benioy [chloride  per  loo  ce,  of 
Brine,  and  JO  ce.  of  lo  per  ceiil.  KaOH,  and  i^liakcn  j;em]y  for  ten  minuiei  (10  avoid 
emuliiunl,  llieii  ligoruutly  for  Iwenly  10  twenty-five  minute*,  lilt  all  odor  of 
the  Uen  I  ny  I  chloride  has  disappeared.  It  i»  allo^ved  lo  'land  1  few  hoiim.  nui  over 
night  tinee  llic  precipitate  Kelt  iiicky  and  will  not  filter  well,  then  filtered,  the 
IHvcipiiaie  waiticd,  dried  over  HiSO»  and  weighed. 

The  assimilation  Umil  is  an  interesting  as  well  as  important  con- 
"^ception  in  functional  diagnosis.  By  this  is  meant  the  minimum 
amount  of  sugar  the  ingestion  of  which  by  mouth  is  followed  hy  the 
excretion  of  a  slight  amoutit  in  the  urine,  A  lesser  amount  the  body 
can  either  o,\idizc  or  warehouse,  Ilofmcister  found  that  galactose 
and  lactose  passed  the  most  readily  into  the  urine:  dextrose.  Ux-vu- 
lose.  and  cane-sugar  much  less  so. 

After  a  meal  of  alH>ut  200  gms.  of  glucose  a  nomial  person  excretes 
as  a  rule  none,  or  .seldom  more  than  1  gm. :  some  persons  none  after 
300  gtm.  Some  normal  persons  will  cKcrete  a  little  after  smaller 
atnounts;  for  instance,  of  50  gms.  It  occurs  with  greatest  case  if  the 
sugar  is  given  on  an  empty  stomach,  Hunger  lowers  ihe  assimilation 
hmil  considerably;  pregnancy  also  does  the  same.  Diseases  lowering 
the  limit  arc  cirrhosis  of  the  li\  er,  cerebral  disease,  poor  nutrition,  fatty 
liver,  phosphonis  poisoning  and  infectious  diseases,  certain  neuroses. 
(Ophthalmic  goitre,  and  any  condition  causing  diuresis. 

Xaunyn  has  divided  cases  of  alimentary  glycosuria  into  those  fol- 
lowing the  ingestion  of  starch,  and  those  which  follow  the  ingestion 
of  sugar.     The  former  denotes  a  disturbed  metabolism  verv  ncarlv  if 
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ingested,  no  glycosuria  should  follow.  This  perhaps  may  be  explained 
by  the  slow  transfonnation.  hence  absorption,  of  the  products  of  starch 
digestion. 

All  grades  of  weakness  of  sugar  metabolism  occur,  from  those  with 
a  slight  lowering  of  the  assimilation  limit,  to  those  in  which  glycosuria 
follows  large  doses  of  starch,  and.  finally,  cases  of  true  diabetes  mel- 
litus. 

The  assimilation  limit  may  be  conveniently  tested  by  the  following 
test  meal  (Xaunyn)  :  At  breakfast,  coffee  and  milk  (about  250  cc), 
and  80  to  100  gms.  of  bread  are  eaten.  In  about  two  hours  100  gms. 
of  dextrose  are  taken  at  one  time.  Thus  the  sugar  is  not  taken  on 
an  empty  stomach.  If  a  measurable  glycosuria  results  the  limit  is 
pathologically  lowered.  If  i  per  cent,  of  sugar  is  present  the  suspicion 
of  diabetes  is  very  pressing.  The  sugar  excretion  begins  in  about  one 
hour,  reaching  maximum  in  froTn  two  to  four  hours,  and  lasts  at  the 
longest  but  eight  to  ten  hours.  If  glycosuria  follows  a  meal  rich  in 
starch  foods,  not  glucose,  the  suspicion  of  diabetes  is  very  strong 
indeed. 

In  certain  cases  with  an  apparently  lowered  assimilation  limit  the 
suspicion  of  diabetes  may  be  unjust,  since  it  has  been  shown  tliat  if 
the  sugar  reaches  the  lower  part  of  the  small  intestine  it  seems  to  be 
absorbed  by  the  lymphatics,  hence  does  not  pass  through  the  liver  but 
at  once  into  the  circulation  and  Jience  is  excreted. 

The  hunger  diabetes  of  Hofmeister  is  very  interesting.  He  found 
that  if  dogs  under  close  confinement  be  kept  on  a  poor  diet,  not  starved, 
a  certain  number  of  them  soon  become  diabetic,  excreting  30  per  cent, 
of  the  starch  of  their  food  as  sugar.  We  presume  that  almost  every 
one  who  has  had  much  experience  in  metabolism  experiments  with 
dogs  has  found  illustrations  of  this  form  of  diabetes.  Naunyn  made 
the  prophecy  that  this  would  soon  be  found  to  explain  the  glycosuria 
of  certain  chronic  diseases  of  man,  the  disease  bringing  about  a  condi- 
tion of  malnutrition.  Soon  after  this  the  report  of  Hoppe-Seyler  ■'^' 
of  ten  cases  of  temporary  glycosuria  in  tramps  who  had  been  under 
very  unsuitable  hygienic  and  dietary  conditions,  and  which  disap- 
peared in  twenty-four  hours,  after  their  physical  condition  had  im- 
proved somewhat,  was  the  first  confirmation  of  this  prophecy. 

Glycosuria. — That  normally  a  small  trace  of  glucose  is  pres- 
ent in  the  urine  can  be  proved  by  isolating  the  ghicosozone  from  large 
amounts  of  urine.  Quantitative  reduction  tests  before  and  after  fer- 
mentation of  the  urine  also  indicate  this  body. 

Theoretically,  glucose  appears  in  the  urine:      (i)   When  in  the 
blood  it  has  reached  0.3  per  cent,  or  over,  that  is.  a  distinct  hyper- 
gtycremia.     A  hyperglycacmia  may  be  due  to  the  ingestion  of  more 
"Miinch,  med.  Wochenschr..  April,  igoo. 
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I  si^r  than  can  be  warehoused  or  id  ihc  accumulation  in  tlie  blood  of 
W  glacase  which  the  body  cannot  use.  the  function  i>f  the  kidney  Iwing 
I  toMcrele  any  excess  over  the  physiological  percentage  of  the  blood. 
I  (2j  When  there  is  on  the  part  of  the  kidneys  a  diminished  ability  to 
I  Tttain  it,  e.g.,  after  phlorizin  injeclion.  (3)  Some  comijound  of  glu- 
I    «w  rendering  it  until  tor  use. 

I  Oinicatly,  tlic  cases  may  be  groviped  according  to  Haniiiiersien  as 
f   Jiffows ; 

I  ( I )  Those  with  a  lowered  assimilation  limit.  In  this  group  Sce- 
gta  put  his  cases  of  miH  diabetes.  In  such  there  is  no  glycosuria  on 
.1  carbohydrate- free  diet,  the  liver  being  able  to  warehouse  well  the 
sigar  formed  in  the  body. 

(3)  Those  with  an  excessive  amount  of  glucose  formed  in  the  body 
31  the  expense  of  glyaigc-n  and  other  bodies.  This  occurs  after  certain 
experimental  lesions  of  the  brain  and  ixrrhaps  after  certain  cerebro- 
spinal diseases,  f'erhaps  in  this  group  also  arc  to  Ik  included  CO, 
curare,  strychnine,  and  morphine  poisoiniig.  The  source  of  the  sugar 
is  i)rol)ably  the  albumin,  since  sugar  appears  in  the  urine  oidy  if  the 
animal  has  had  enough  albumin.  During  albumin-hunger,  even  on 
a  rich  carbohydrate  diet,  no  sugar  is  found, 

( 3)  Cases  in  which  the  body  cannot  use  the  glucose,  and  it  there- 
fore collects  in  the  blood.  Severe  ca.ses  of  dial)etcs  mellitus  belong 
here.  Such  arc  not  due  to  the  inability  of  the  body  to  burn  the  sugar, 
since  the  oombubtion  ability  of  Ihc  patient  has  been  proved  normal. 
Levulosc  is  well  used  for  a  while.  Usually  <liabctics  are  unable  to 
use  the  rtextrose  molecule  alone,  perhaps  to  produce  the  preliminary 
flitting  of  this  molecule.  All  urinary  changes  are  merely  the  result 
of  ihis.  According  to  Opic  these  cases  belong  to  the  following 
group. 

( 4 )  A  fter  disease  or  removal  of  the  pancreas.  In  dogs  the  glyco- 
suria may  reach  10  or  22  per  cent;  the  animal  lives  not  over  four 
10  five  weeks.  In  such  experimental  cases  practically  all  the  sugar 
ingested  is  excreted,  anti  in  a  finite  constant  ratio  to  N  (2.8:  1 ) :  in 
analogous  cases  in  man  not  quite  all  is  excreted.  In  some  cases  is 
foun<l  atrophy  of  the  pancreas  or  degeneration  limited  to  the  islands  of 
Langcrbaiis. 

(5)  Glycosuria  follows  oxygen  starvation  due  to  any  cause;  suf- 
focation, the  death  agnny:  certain  poisons,  as  CO.  curare,  and  amyl 
nitrite:  narcotics,  as  ether,  cblorofomi."" 

(6)  Certain  poisons,  including  morphia,  strychnine,  and  cocaine;"' 
fasel  oil.  HgCIat  acids.      In  this  connection  the  work  of  Hertcr" 

'StK  also  Brown.  Johns  Hopkins  Ho«p.  Bull..  May.  iQoa 
■  S«  also  Ncubaucr  and  Vogel,  p.  92. 
"  Am.  Med.  igoj,  p.  771- 
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is  interesting,  showing  tliat  tlic  local  application  of  reducing  sulisUinces 
to  tlio  pancreas  (ailrcnal  extracl  ami  various  p<jisuii5,  H^S.  KCN.  H,- 
SO,)  causes  glycosuria,  Blum  Iiad  shown  liial  a  substance  from  the 
adrenal  caused  glycosuria,  and  Metzger  that  this  ilcjicnded  on  hypcr- 
gtycjcmia.  Hcrttr  thinks  that  it  is  the  oxygen  deprivation  which  is  at 
fault. 

(7)  After  severe  cooling  of  the  Ixuly. 

(8)  Renal  tiialjctcs.  Alter  caffeine  or  theobromine,  or  any 
diuretic  which  increases  the  secretion  of  the  kidney.  Phlortdzin  dia- 
betes shows  the  pnssihilily  of  renal  diabetes,  and  these  are  the  only 
cases  without  hyperglycwnia.  In  some  cases  of  chronic  nephritis  one 
sees  diabetes,  hut,  as  a  ni!e,  the  former  is  secondary  to  the  latter, 
and  as  the  nephritis  develops  the  glycosuria  diminishes,  the  so-called 
"  cure  by  Bright's  disease." 

After  the  transfusion  of  normal  sa\t  solution;  after  the  injection 
of  sugar  into  the  blood;  after  insults  and  injuries  to  the  Hvcr.  well 
seen  in  animal  exi>eriments:  a  similar  connection  may  explain  the  rare 
cases  of  cirrhosis  of  the  liver  with  glycosuria;  after  diseases  and 
injuries  of  the  central  nervous  sj-stcm,  the  best  illustration  of  which  is 
in  animals,  the  piqure  of  Claude  Bernard,  causing  hyperglycemia  of 
even  0.7  per  cent,  due  lo  the  inability  to  retain  the  glycogen,  which 
lasts  from  six  to  forty-eight  hours,  and  a  glycosuria  which  may  reach 
in  rabbits  even  6  per  cent. 

In  man  a  similar  glycosuria  follows  apoplexy,  transient,  as  a  rule, 
beginning  in  two  hours  and  lasting  even  six  days,  reaching  1  to  2  per 
cent.;  brain  tumors,  especially  of  the  base;  dementia  paralytica  com- 
monly; epidemic  cerebrospinal  meningitis;  talws;  multiple  scleroses; 
diseases  of  the  sympathetic  nervous  system ;  severe  trauma  of 
the  skull,  in  which  case  it  is  usually  |>crmancnt.  beginning  at  o'lcc  or 
in  a  year,  and  mild  as  a  rule,  some  with  an  interesting  relation  to  <lia- 
bctes  insipidus,  beginning  as  this  and  ending  as  mclliius;  functional 
neuroses:  psychical  causes;  exophthalmic  goitre:  gout;  arteriosclero- 
sis: obesity. 

In  pure  diabetes  no  gross  lesion  is  found  (but  see  page  159). 
Such  occurs  especially  in  the  young  and  includes  nearly  all  severe  cases. 

QL-ALIT.\TIVE   TESTS   FOB   GLUCOSE 

Tbommer's  Test. — To  a  test-tube  half  full  of  urine  is  added  about 
one-third  volume  of  10  per  cent.  NaOH  or  KOH  and  then  a  to  per 
cent,  solution  of  CuSO,  in  drops,  until  a  few  flakes  of  Cu{0H)3  do  not 
disappear  on  slightly  sh.-iking.  The  upper  layer  of  the  urine  is  then 
warmed,  when  at  once  a  precipitate  yellow  or  red  in  color  appears  at 
the  t<yi>.  When  this  ap]»ears  the  heating  should  at  once  l>c  stopped, 
Tile  rednction  and  the  precipitate  will  spread  through  tlie  fluid  from 


I. 


THE    URINE:    OLTOaSURiA 


161 


above  downward.  The  urine  should  always  be  examined  fresh,  and 
much  albtnniii  renioNcd  in  all  eases. 

The  Tcaciion  i«  u  follows:  If  m  pur«  wiutr  be  added  KOH  and  t)i«i  tlw 
CnSO^  ibc  first  drop  of  the  latter  will  cause  a  precipitate  of  Cu(OH)i  ICuSO.  + 
aN»OH=Na,SO.  +  Cu(C)H),)-  Tlic'e  fl.ikcs  of  Cii(OH).,  kii  licaiicii!,  will 
blacken,  sime  Cu(OH)9  jCuO  i»  formeil,     H  glycerjii  or  the  lartraic*  be  added 

10  the  water,  all  of  ihe  OnOTI),  h  dissolved  to  a  bUie  snliitioii,  which  will  not 
blacken  on  heaiiiiK  a*  it  doc»  if  iintliisotved  If,  instead  of  theic,  gluctwe  be  added 
to  the  water,  the  nainc  blue  solution  of  the  Cu(OH)t  is  oblatiicd.  Thi«,  liouevcr, 
on  Karmiiiii  ii  reduced.  an<l  a  yellow  or  red  |ireci|iitate  (Mi.  In  the  caie  o(  glu- 
cose the  body  giving  the  bright  blue  soliiiton  i'  Cl{uOi5Cu(OH)i. 

In  ll>e  nurnial  urine  certain  budics  are  present  which,  like  glycerin  el  al.,  will 
dituitvc  the  CulOH)i.  Such  arc  the  Bminonia  bodies,  both  those  preformed  and 
thoM  r«tulting  from  boiling  an  alkaline  urine,  jnd  albumin  if  present.  The(& 
however,  are  prei^cnt  not  In  lufficieiii  quaniiiy  lo  give  a  dear  blue  solution,  and 
only  3  to  S  drops  of  the  CuSO.  can  be  added  before  lotne  remains  a*  a  predpi- 
Ute  and  that  dissolved  gives  only  a  slight  greenish  color  to  the  solution.  If,  how- 
ever, 10  the  normal  urine  or  in  the  reagents,  glycerin,  the  tartrates,  or  more 
ammonia  he  added,  more  or  all  of  the  Cu(OH)i  will  be  di"r>lvcd,  giving  an 
axure  bine  solution  varying  in  depth  with  Ihc  amount  of  Cu(OH)i  added. 

Bui  iIk  nornial  urine  aUn  contains  reducing  bodies  uhich  will  reduce  tile 
copficr  on  warming.  Such  ate  uric  acid,  the  glycuronic  acid  compounds,  pyro- 
catechin.  and  bile  pigrocnis  if  present,  and  alnays  a  trace  of  glucose.  But  the  Mim 
of  all  these  ci|uals  alfuuc  05  per  cent,  if  expressed  in  glueose.  Theie  bodies,  when 
present  in  normal  amount,  will  reduce  some  of  the  copper  and  give  a  yellowish 
solution,  a  ditty  not  a  clear  yellow,  and  a  tittle  will  be  carried  down  with  the 
phosphate  precipitate.  lingeing  it.  If  these  bodies  normally  present  lie  incrreased, 
a  definite  precipitate,  hence  a  positive  test,  may  result.  But  uric  acid  duct  not 
reduce  at  a  temperature  of  from  f»°  to  70*  C,  and  crealinin  reduces  much  only 
after  long  boiling,  although  there  ii  a  tittle  rcdMction  at  fio*  C :  hence,  as  no  high 
temperature  is  allowable  in  this  test,  ihe.'-c  bodies  should  not  confuse.  They  are 
very  imjionant,  however,  since  they  hold  in  solution  (he  small  amount  of  the 
suboxides  which  it  alwayi  formed.  The  ability  to  hold  in  solution  these  reduced 
suboxides  in  the  normal  urine  is  much  grciicr  than  iis  reducing  ability,  and  hence 
glucose  may  be  added  to  normal  urine  up  to  almost  0.5  per  cent,  before  any  precipi- 
tation occurs  The  bodies  holding  the  suboxides  in  solution  are  uric  acid,  crcsiinin, 
the  ammonia  salts,  and  albumin  if  present. 

In  glycosuria  we  have  a  great  increase  in  glucose,  the  chief  reducing  body. 
and  because  ol  the  polyuria  a  relative  decrease  in  the  amount  of  those  Indies 
preventing  the  precipitation  of  the  cuprous  salts.  In  performing  the  test  it  it  par- 
tKuUrly  important  that  (he  excels  of  copper  should  not  be  added  kincc  the  black 
oxide  wdl  cover  the  precipitate  of  the  cuprous  salts.  Normally  3  to  5  drops  of  the 
CuSO>  are  sufficient  to  give  a  blue  precipitate  In  case  sugar  ts  present,  however, 
the  addition  must  continue  until  the  first  flakes  of  Cu(OH)i  remain.  The  test  U 
positive  only  when  a  yellow  or  red  precipiinte  falls,  yellow  Cui(OH>t  in  a  rela- 
tively weak  alkaline,  ted  CuiO  in  a  strongly  alkaline  solution.  (Neumayer"  says 
it  is  the  creatinin  of  the  urine  which  causes  the  amorphous  yellow  rather  than  (he 
erystallinc  red  precipitate  such  as  piirc  glucose  solutions  give.)  When  much  alkali 
is  used  (he  creatinin  is  transformed  to  crcaiin.  If  much  s'lgar  is  present,  metallic 
copper  may  he  deposited  on  Ihe  glass  (it  is  often  a  problem  (o  clean  such  teil- 
tabcs,  and  strong  nitric  acid  is  recommcndcdl.     In  ca«e  under  oj  per  cent    sugar 

11  present  there  will  he  no  precipitate,  and  yet  even  then  the  lest  may  be  very  iug- 
ges(ive.  since  the  yellow  solution  will  be  of  such  a  clear  brilliant  color.  Again, 
Ihe  precipitation  should  occur  imdcr  Ihe  boiling  point  or  when  the  urine  is  jusl 
brought  to  that  point  10  exclude  the  reduction  by  those  bodies  normally  present, 

For  a  successful  Icsl  the  iiropi.rli'.m?  of  the  reagents  should  Iw  rather  accurate. 

"Deutsch    Arch,  f,  klin.  Med.,  1900,  vol.  xlvii    p,  197. 
II 
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Since  one  part  o(  itigar  can  n-ilLicc  about  five  paru  of  CuiOH)i.  as  tmrly  ibii 
Amount  of  copper  a*  po»ibIe  ilmultl  be  in  the  dilution.  Ciloctnc  alone,  however, 
cannot  dis^ic  nearly  as  nnicli  as  tt  can  reduce,  and  hence  in  the  copper  icui 
other  than  Trommer's  glycerin,  u^iiniinin,  <ir  Ihc  lariraiei  ate  addded  to  tlie  «■ 
Ofenis  llul  this  nmottnt  may  be  nl  iht  dif^posal  ot  ihc  glucOM.  The  optimttm 
relation  ii  I  part  uf  shicotc  W  5  (j  to  7)  of  Cu(UH)>  and  11  of  NaOH  Ttie 
excess  of  this  last  rcAKcm  is  necessary,  since  the  icmpcrniure  of  reduction  de- 
pend* directly  upon  it.  If  very  little  be  pic!>cni.  a  reduction  may  require  buiir* 
of  h.iilinK  If  but  tvLO  parts  of  NbOH  are  present  to  ewe  molecule  of  augar.  a  few 
minutes'  boiting  is  enough,  while  with  an  excc>»  it  b  not  even  necessary  10  raise 
it  to  the  boiling  poini   in  gel  a  fair  reduction. 

Again,  Ihc  bc^l  chance  uf  a  prccipiution  occur*  when  lliere  is  present  a  mini' 
mill  amount  of  ilioie  ho.lies  wliirh  hold  the  reduced  copper  Mit  in  solution. 
For  this  reason  it  it  advised  by  many,  as  a  matter  of  routine,  to  always  dilute  tbc 
urine  about  1:5,  thi<  strong  dilvntcjn  ruling  nut  the  influence  of  thcic  other  tcKliet 
in  a  much  greater  proportion  than  i<  iliniinishes  the  rriliiciTie  power  of  the  iiluc^Me. 

If  In  a  strong  solution  of  glucote  be  added  jItofib  NaOH  or  KOtI,  then  ■  liille 
copper  and  the  whole  heated,  a  jcllow  or  yellowish-brown  or  a  dark-brown  mIu* 
lion  is  ubuiiied,  the  color  varying  will)  the  amount  of  sugar  and  alkali,  since  there 
it  not  enough  copper  in  solution  and  lomc  sngnr  is  dc*iroycd  as  in  the  Moore  tesL 
Tliis  color  plii4  that  of  the  suboxides  eives  a  cidor  which  much  *urpriscs  the  stu- 
denlt.     It  iit  avoided  by  trying  lh<-  test  anew  and  adding  a  great  deal  more  copper. 

The  best  of  the  results  are  obtained  if  the  copper  be  added  before  the  alkali. 
Tilts  is  a  method  we  have  noticed  Naunyn  10  use.  More  urine,  however,  must  be 
added  in  case  ii  is  found  that  loo  much  copper  wai  nscd. 

In  the  Tromraer's  test  the  lluid  muii  decolorize  as  ihe  precipiiate  forms  and 
before  the  boiling  point  is  re.iched.  The  prccipitaiiini  must  occur  while  it  is  still 
hot,  and  not  after  it  cools  down,  as  often  occur*.  When,  however,  but  a  trace  of 
Migar  is  present,  the  prccipiioic  may  come  only  afler  long  boiling  or  after  cooling. 
This  test  is  not  positive.  The  brilhant  color  of  the  yellow  solution  may  indklic 
sugar,  but  in  »ucl)  a  case,  if  ihe  urine  be  much  diluted,  the  precipitate  may  oecnr 
in  the  desired  manner.  In  order  to  rule  out  a  mistake  arising  from  long  boiling, 
some  add  to  the  faoitiiig  urine  one-lhird  volume  of  cold  MaOH  and  then  copper. 
Some  of  the  sugar,  however,  will  have  been  destroyed  by  the  alk.ili  before  tbc 
capper  it  added,  and  hence  the  test  is  not  nearly  as  delicate.  Since  a  normal  urine 
reduces  some  copper,  and  cutild  mure  if  it  were  in  solution,  ammoniacal  urines  may 
give  a  good  precipitate.  It  is  also  true  that  the  great  excess  of  NaOH  will  dissolt-e 
some  of  the  Cui(OH  )■,  and  in  case  of  strong  ammoni.icnl  urine  all  of  the  cuprous 
salt  may  he  held  in  solution.  It  does  no  good  to  add  more  copper,  since  the  sugar 
has  by  this  lime  all  been  destroyed.  In  a  normal  urine  it  is  possible  sometimes 
to  get  a  positive  test  by  adding  an  excess  of  NaOH  and  too  much  cojiper. 

After  wormtng  there  may  be  a  clear  yellow  solution  iu  a  normal  urine  or  a 
grayish -8  re  en  hhiitinicr  due  to  a  slight  precipitate  of  the  copper  compounds  of 
the  xanthin  basei  and  uric  acid  The  copper  precipitated  by  sugar  is  crysialliiic. 
that  hy  (lie   xaniliin  base<  is  amorphous 

In  all  copper  tests  ulbumin  does  not  hinder  reduction,  but  does  the  precipita- 
tion, and  hence  must  lie  removed  unless  but  a  trace  is  present,  which  may  then  be 
disreiiardcd- 

The  phosphate  precipitate  stained  slightly  yellow  by  the  Ciit(OH)i  formed 
even  in  normal  urine  often  deceives. 

The  urine  may  give  a  rttluction  when  the  glycuronic  acid  com- 
pounds arc  increased.  Sticli  fullows  llie  use  of  Hilnral  hydrate.  chlori> 
font],  morphine,  camphor,  phenol,  resorcin.  ihymol.  and  menthol.  A 
positive  reduction  is  ohtainct!  sonietinies  after  the  use  of  sahcylic  acid, 
benzoic  acid,  chrysophaiiic  ;tcid.  ONalic  acid,  salol.  thallin,  .t^iintonin. 
copailia.    rhuharb,    stilphoiiai,    clilorofonn,    acetphcnetidin,    glycerin; 
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after  poisoning  with  KOH.  HjSO.,  and  arsenic.  In  alknptonuria  ihc 
lest  is  positive.  Saccharin  liintlers  the  rciluciion.  In  addition  lo  tlie 
reducing  sulistanccs  of  nmi-ilialiclic  urine  inmitioncd  are  lo  be  added 
:dlan(oin,  mucin,  pyrucatecliin,  liydrodiinon.  urobilin,  perhaps  also 
indican. 
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We  intiil  Chat  the  Tromincr's  icm.  alilmiish  il  is  used  boi  very  liille  in 
practice  in  ihis  cowotry.  shall  be  the  one  upon  which  the  siuileiit.i  nIuII  vri^'ii** 
rlMT  coiipcr  ICits.  The  ita-on  for  this  15  that  all  sleps  in  tlic  proec"  nrr  rvjilent. 
iad  thr  ch«nees  of  cimr  arc  very  ijjparent.  liencc  ihe  <lifticulii«3  of  co[iper  tcMin([ 
can  be  well  learned  throimh  it.  Il  is  not  *o  dclimlc  a«  ihe  Fchling's,  ami  yet  we 
hi\e  been  tnicrctieii  to  ice  tho%c  who  hiivc  had  ihc  grcaicil  experience  in  sugfir 
i*i>tL  u«e  ihi*  qitahtaiivc  ic^t  a*  a  roiiiiiic  ninticr.  The  reason  (or  this  is  that 
Il  lelU  more  than  does  ihc  FehUng'i.  indicating  ihc  presence  or  the  absence  of 
oeflHin  bodies  and  in  a  roosh  way  the  .mionni  of  sugar  thai  it  presciiL  If,  for 
instance,  the  undiluted  iirinc  gives  a  barely  p"Htivc  test,  Oi  per  cent,  of  «ugar 
■nay  lie  asstimcd.  and  from  iIk  anxiimt  of  rnppcr  necctaary  to  a<ld  for  a  K^od 
pccciiHtatiun  a  tough  approxiinaliun  may  be  made. 

Fchling's  Test  Saitttion. — In  Fehling's  (sec  page  170)  Rochelle 
salt  is  uscil  that  there  ni;iy  he  a  niaxinuiin  ainonnc  of  cnpper  in  sohitinn, 
at  least  5  of  Cii(OH)j  to  1  of  gUicn.se,  and  hence  the  nptimnm  chance 
of  precipitation  without  the  ]Jo.isiliiIity  o{  a  black  iirecipitaie.  Fch- 
ling's soUition  is  made  from  two  tUiids  which  must  be  kept  separate. 
each  quite  pemianent. 

These  mnst  lie  mixed  in  c(|ual  iiuantities  for  each  test,  ur  ai  least  tlie 
niixe<l  sohiti'in  shnwld  not  be  kept  over  one  day.  since  an  old  one  niay 
reduce  on  hoiling,  [■'(piai  anionnts  of  these  two  lUiids  are  mixed  and 
brought  to  a  lyoil.  The  urine  is  then  adiled  in  small  amounts  until 
a  precipitate  is  obtained,  the  amount  nf  urine,  however,  never  exceed- 
ing tlwt  of  ime  of  the  solutions.  The  precipitate  should  appear  at  once. 
The  mixtnre  may  he  brought  again  to  the  Ijoil.  but  prolonged  Ijoiling 
should  be  avoided:  also  a  precipitate  which  forms  after  the  urine  has 
been  allowed  to  stand  does  not  necessarily  indicate  sugar.  As  usually 
[lerformed.  the  amount  of  urine  is  added  to  the  boiling  Fchling's  in 
one  anHnint.  yet  by  slowly  adding  one  can  gue*s  pretty  accurately 
the  anwunt  of  sugar  present.  The  test  shows  o.oS  per  cent,  of  glu- 
ca*c.  .Mihough  more  delicate,  it  should  he  renienil)ere<l  that  this  lest 
has  all  die  faults  of  the  Trommer's.  In  normal  urine  there  is  always 
more  or  less  reduction.  Error  from  thi**  is  nnich  removed  by  alway-i 
diluting  to  specific  gravity  1005  (Zechuisen).  am!  in  general  the  lest 
is  best  performed  by  using  a  much  dilute<l  urine. 

AInUn-Syktniicr's  7Vj/.— The  sohitinn  consists  of  Rochelle  salt 
4  gms.,  dissolved  in  loo  cc.  of  10  per  cent.  NaOH  (sp.  gr.  T015) 
warm,  and  satunited  with  bismuth  siibiiitrate  (about  2  gms.  are 
necessary).  When  cooled  it  is  filtered  and  kept  in  a  dark  liottle.  The 
;>lution  is  permanent  for  years. 
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To  the  urine  is  added  one-teiith  volume  of  tlus  reagent.  The  mix- 
ture is  then  hoiled  from  two  tu  five  iniimles.  !f  sugar  be  ])re^em,  the 
fluid  will  turn  black  and  a  hiack  precipitate  of  metallic  bismuth  will 
settle.  Should  it  bccuuic  black  after  c<x)ling,  the  test  is  not  necessarily 
positive.  If  only  a  trace  of  glucose  is  preicnl.  the  white  sediment  <ji 
phosphates  may  he  only  slighity  gray,  especially  on  its  up]ier  surface. 
Tlie  Ixjiling  should  be  continued  for  five  minutes,  not  less,  since  only 
too  often  will  the  urine  suddenly  darken  contrary  to  the  expectations 
of  the  observer.  Since  it  is  difliciili  to  I>oil  this  urine  so  li>ng  (by 
the  watch),  it  is  much  better  to  leave  the  tube  in  a  boiling  water-bath. 
If  only  a  trace  of  sugar  be  present,  the  amount  of  reagent  use<1,  one- 
tenth  volume  of  the  urine,  must  be  accurately  measured.  If  this 
lest  is  negative  we  may  be  sure  no  sugar  is  present.  If  faintly  jiositivc, 
the  test  must  be  confirmed,  since  bismuth  is  also  reduced  by  certain 
paired  glycuronic  .ictd  compounds  sometimes  present.  This  test  is 
very  delicate:  in  fact,  is  given,  some  say,  by  norinal  urine  (  14  |»cr 
cent,  of  cases).  Uroerylhrin  may  deceive,  since  it  simulates  the  test : 
also  h.-cnialoporphyrin.  Concentrated  urines  may  give  a  positive  test. 
The  test  will  indicate  0.05  per  cent,  (others  say  o.o.;5  per  cent, ) .  .\ny 
increase  or  diminution  in  tlie  alkalinity  "f  the  fluid  injure*  the  delicacy 
of  the  test,  hence  it  should  be  .ipplicd  carefully  in  an  ammoniacal 
urine.  If  the  sugar  is  over  0.2  per  cent,  the  yellow  color  of  the 
Moore  teit  is  first  seen.  Rhubarb  and  senna  will  give  a  reduction,  but 
before  heating  it  will  be  noted  that  the  fluid  takes  a  brownish-red 
color.  The  test  is  positive  after  salol,  benzol,  sulpbonal.  trional,  anti- 
pyrin.  kairin.  much  quinine,  eucalyptus  tincture  and  oil  of  turpentine. 
It  is  also  positive  after  a  person  has  eaten  asparagus,  a  fruitful  source 
of  error.  All  of  the  albiunin  should  be  removed  unless  it  be  but  a 
mere  trace,  since  the  BijS,.  if  precipitated  in  considerable  amount,  is 
of  a  brownish  color;  if  very  little,  a  red.  Ammoniacal  urines  are  dis- 
turbing, since  the  NaOH  replaces  the  ammonia,  which  is  volatilized, 
leaving  the  solution  not  alkaline  enough.  Tliis  test  is  very  valuable, 
since  it  confimis  Tromnier's  splendidly,  it  not  Iwing  given  by  uric 
acid,  creatinin,  pyrocatechin,  hydrochinou,  nor  the  alkapton  bodies; 
in  fact,  by  the  most  important  disturbing  substances. 

Fcrtncntalion. — This  is  necessary  to  prove  that  the  reducing  body 
is  a  sugar  of  three  or  a  multiple  of  three  carbon  atoms  (yet  not  all  of 
these  ferment).  Fresh  active  yeast  shotiU!  be  used.  .-X  i)iece  alwul  the 
size  of  a  pea  is  added  lo  the  urine,  which  is  then  gently  shaken  (if 
shaken  too  hard  the  amount  of  air  in  solution  will  be  increased  and 
afterwards  give  a  bubble  suspiciously  large),  and  the  urine  then  filletl 
into  a  fermentation  tube.  Tins  is  let  stand  at  the  optimum  temperature 
of  from  15''  to  34°  C,  and  the  presence  of  gas  determined  in  a  few 
hours.    T%vo  control  tests  should  always  be  made :  the  one  with  normal 
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urine  to  which  a  little  glucose  is  added,  lo  prove  the  activity  of  the 
yeast;  aiK>ther  of  ituritial  tinnc  alone,  to  prove  liy  the  absence  of  gas 
that  there  is  no  self-iernieiitaiion  oi  the  yeast.  Above  45^  C.  there  is 
no  fcmiematton.  The  rapidity  tlepends  to  a  certain  extent  on  the 
amount  of  liie  yeast.  The  amount  of  gas  formed  from  a  given  amount 
of  sugar,  howexer.  depends  on  the  age  of  yeast,  there  being  less  formed 
by  an  older  one.  The  maximum  prodnciion  of  COj  (46.5  per  cent 
of  the  sugar)  is  obtained  only  when  to  one  pari  of  sugar  is  added  not 
more  than  oiie-half  of  fresh  yeast.  If  more  yeast  be  used  self-fermen- 
tation may  result.  This  test  indicates  from  0.I  to  O.05  per  cent,  when 
boiled  urine  is  used. 

Some  c«nijd«r  ii  nce«sary  to  prove  iliai  the  gns  which  collects  is  CO.,  by 
dt»«olvins  it  in  NaOH.  und  tti3l  alcohol  i\  formed  by  iliililling  ihc  fluid  and 
torming  Iodoform.  To  exclude  harierid  ilic  reiiiii  nuiKt  he  rapiit.  that  is,  within  a 
few  hours.  Or  it  is  Leller  to  add  NaF  lo  i  per  tent.  Many  recommend  lo  Iwil  ihe 
urin«  first  about  teti  mmuit-i  to  iicriliie  ii  and  also  In  free  it  from  4)rr,  and  to  ute  a 
yeast  treated  »itb  NaK  If  the  r«iilt  be  doubtful,  the  lest  may  be  repealed,  tryinc 
a  oew  ycail.  Tartaric  acid  may  also  be  used  in  inhibit  bnclcria  This  is  especially 
good  in  case  the  utine  be  neakly  acid  or  alkaline. 

If  only  a  trace  of  glucose  he  present,  there  may  be  no  CO,  seen, 
since  the  urine  can  <IiS'U.i|ve  some.  In  this  case  acidify  with  tartaric 
acid  and  ferment  for  twenty-four  to  forty-eight  hours,  then  .leain  try 
the  bismuth  test.    If  now  negative,  glticusc  was  present. 

Phcnylhydrazin. — This  test  is  Ihe  court  of  last  appeal  in  the  recog- 
nition of  those  carliohydrates  which  form  with  phenylliydrazin  osa- 
zoncs  of  definite  crystalline  shajw  and  with  a  definite  melting  point. 
In  any  case  albumin  nm^t  he  removed,  for  it  hinders  cn,'stalIi/ation. 
Ten  ctibie  cenlimetres  of  urine  are  precijiitated  with  a  few  drops  of 
concentrated  Pb.Ac  and  filtered.  One  drop  of  acetic  acid  is  added 
(nr  enough  to  acidify),  then  a  piece  of  HCI-phenylhydra/in  the  si!C 
of  a  pea,  and  of  N'a.\c  the  size  of  ,t  bean.  The  tulre  is  then  boiled  in 
a  water-bath  from  one  to  two  hours,  its  contents  then  filtered  hot.  the 
tube  returned  to  the  water-hath,  xvliich  is  allowed  to  cool  down  slowly. 
If  much  glucose  l«;  present  there  will  lie  a  deposit  of  yellow  crystals, 
neetlles  arranged  in  sheaths,  llial  the  test  may  succeed,  the  sugar 
should  be  to  the  phenylhyrlrnzin  and  the  NaAc  as  1:2:3. 


V.  Jakftch  reeom mends  the  followinE;  To  a  lesi-iube  eoniaininic  6  10  8  cc. 
of  uriiM!  arc  added  two  knife-points  of  HG-phenylhydiajin  and  three  of  Na.^c. 
If  ihrie  salts  do  not  dissolve  on  warming,  a  little  more  water  is  added-  The  Itibe 
ts  then  put  in  boilins  wilier  ;in<l  allowed  tu  ^tand  from  one-half  to  one  hniir  (Ihis 
time  prct'cnti  the  mi'i^kc  with  iclycuronic  acid  compoimd!>>.  The  ttilie  is  tbeii  put 
in  a  tieakcr  of  cool  water  anr!  the  crystals  searched  for  microscopically,  li  were 
better  to  let  the  solu(ir,'n  cool  down  niorc  slowly.  This  method  has  been  severely 
cHiteised. 
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1'lie  Netiinann  nictlHitl,  iiiiich  rtcomiiiciiclcd  by  Tliicr (elder,  is  as 
follows;  Tn  5  cc.  ul*  urine  are  atliled  z  it.  uf  50  per  cent,  acetic  acid 
saturated  with  KaAc.  and  iheii  2  drops  iif  pure  pheiiylhydraxiri.  This 
is  concent nileil  by  boiling  in  3  cc.  It  is  then  cooled  rapidly.  The  tul»e 
is  then  wamicd  and  allowed  lo  cool  very  slowly.  If  llierc  be  0.02  to 
0,05  per  cent,  of  {(Incose  present,  in  Mom  five  lo  ten  minntes  the  crj-s- 
tals  may  be  seen  without  admixture  of  other  precipitate.  Neumann 
recommended  sjiccial  graduated  lest-tube^. 

The  crystals  of  phenyl Kbicnsa/on  sliuuld  be  filtereil  out.  dissolved 
in  hoi  60  per  cent,  alcohol,  and  allowed  to  rccrystallize  by  adding 
water  and  boiling  the  alcohol  away.  The  purified  crystals  should  then 
be  tested  as  regards  their  melting  point.  If  pnre.  they  will  melt  at 
from  204^  to  205''  C. ;  when  impure,  from  173-  to  194-  C. 

A  very  simple  method  of  detennininj{  the  mcltinfr  point  is  as 
follows  (see  Fig.  J4):  .N  small  ll.isk.  .\,  is  tilled  ibree-quartcrs  full 
with  concentrated  .sulphuric  acid.  Through  a  fjcrforated  stopper  is 
inserted  a  test-tube.  B.  also  one-half  full  of  the  same  acid.  Into 
this  <tips  a  thermometer,  C,  to  which  is  attached  a  lube.  D.  con- 
taining the  cry.>itals.  This  tube  has  a  lumen  aljont  I  mm.  in  diameter 
and  closed  al  its  lower  end,  and  kuo  il  are  dropped  the  ilried  crj-sials. 
Very  few  are  required.  The  tube  is  attached  by  a  ruhlier  hand  to  the 
iherinometer  (of  course  at  a  point  alxne  the  level  of  the  aciil).  The 
flaslt  is  then  warmed  slowly  with  a  Bunsen  burner  and  the  |)oint  noted 
at  which  the  crystals  melt.  The  precipitate  is  of  yellow  needles  in 
sheaves,  which  are  difficultly  soluble  in  water  and  in  hot  absolute 
alcohol,  easily  soluble  in  60  per  cent,  hoi  alcohol,  and  crysLillize  out 
if  water  be  added  and  the  alcohol  evaporated  off.  They  are  insoluble 
in  ellier,  chloroform,  etc.,  but  soluble  in  glacial  acetic  acid.  Tlieir 
solution  is  licvorf)tatory. 

So  (kticaii:  is  this  tett  Ihal.  ihcoreticAlly  (if  special  lechnic  be  ascd).  ilic  unall 
aniriunt  i>(  eliii'o.c  of  imrnial  urine  uill  v^\■K  a  dclitiiie  precipiiaic.  ^«cn  micm^cupi- 
cally,  but  jiractically  il  dcic*  nm ;  Ziiru:  hai  never  found  definite  cry»aU  except  in 
iiucli  urint«  us  lediice  relilinR\.  Thedrclicalb  ''  *lunv*  0,003  I*!"  C«it.  and  is  loo 
dclienie  for  practic.il  uie.  and  jfcl  n*c  know  of  one  insurance  company  which  re- 
fused »  nun  beemise  of  xlycosuria  detecieil  by  thj*  teit  .ilonc.  On  tbc  oiher  hand, 
it  may  fail  entirely  when  the  sugar  is  known  to  lie  preieni.  The  *uccet>  ileiiciids 
on  ihc  Biiimim  of  leaaents  usnl  and  00  the  time  allowed  to  cool.  Nm  nil  oi  the 
gliicdie  il  precipitated,  the  amount  of  precipitate  depcidinit  on  ihc  conceiilrali'* 
of  the  fliicoie  anil  Ihc  relation  between  llie  reAgent*,  From  n  ;  pet  cent,  g!iieo»e 
tolution  the  maxi'niim  pri^cipilation  obtained  by  Fisclier  wai  from  Sj  to  00  per 
cent.  Morb  depnuli  nn  the  purity  of  the  phenyl byi^raiiii.  'file  preference  given 
to  the  ItCI-phenylhydiazin  i«  ihai  it  is  crystalline  and  noi  a  fluid  m  ordinary  room 
tenipcrainrc. 

The  glyctironic  acid  compounds  will  give  the  same  lest,  l)ut  the 
melting  (joint  of  these  crystals  is  lower. — 114°  to  115°  C.  Various 
sugars  give  crystals,     hi  pentose  is  the  greatest  danger  of  error  with 
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the  other  tests,  and  hence  the  use  of  this  is  most  important,  since  the 
crystals  obtained  melt  at  159°  to  160°  C. 

Of  the  sugars,  it  is  given  by  all  of  those  reducing  copper,  including 
also  lactose  and  maltose.    Those  sugars  which  differ  only  in  the  first 


l-ir..  ?4. — Mcllin^[h>iril  "f  cry-<iTals.     A.  fl.i*k,  nn'l  B.  lo*l-liibf>  of  sulphuric  Bci-I ;  i",  tliT^rmnmn-T- : 
1>,  li"c-^H,^l' iuIk'  i^ir  oiysLiK, 

two  carbon  atoms,  with  the  rest  of  the  formula  the  same,  as,  for  in- 
stance, glucose,  fructose,  and  niannose,  give  this  same  osozone.    Other 
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crystals  are  formed  with  acetone,  hydrazin,  oxaiic  acid,  and  uric  acid. 
These,  however,  are  not  dangerous  in  human  urine,  since  they  do  not 
occur  in  sufficient  amount,  and  pentose  is  really  the  only  one  to  exclude. 

With  the  crystals  also  is  a  precipitate  of  brown  scales  and  oily  dropleis  seen 
even  when  a  pure  solution  of  glucose  is  used.  This  by-product  is  CuHuN^  and  can 
be  washed  out  with  chloroform  or  95  per  cent,  alcohol  and  then  the  glucozone 
recrystallized  from  60  per  cent,  alcohol.  Should  only  brown  scales  or  yellow  amor- 
phous precipitate  or  droplets  be  found,  the  test  is  negative,  although  glucose  may  be 
present. 

In  review  it  may  be  emphasized  that  there  is  nothing  characteristic 
in  the  shape  of  the  crystals ;  their  best  solvent  is  60  per  cent,  alcohol ; 
they  are  best  recrystallized  by  pouring  the  60  per  cent,  alcoholic  solu- 
tion into  water  and  evaporating  the  alcohol ;  the  hot  glacial  acetic 
acid  solution,  which  is  soon  destroyed,  may  be  tested  with  the  polari- 
scope;  that  in  testing  the  melting  point  one  cannot  expect  to  get 
exactly  204°  to  205°  C,  so  much  depends  on  the  purity  of  the  crystals 
and  on  the  speed  with  which  the  temperature  is  raised.  This  should 
be  done  as  rapidly  as  possible,  since  by  slow  heating  the  point  may 
be  much  lowered.  This  glucosazon  differs  from  galacosazon  by  the 
lasvorotation  of  its  glacial  acetic  acid  solution,  since  that  of  the  latter 
is  optically  inactive;   otherwise  they  are  very  similar. 

Zunz "  considers  this  test  one  of  the  most  important  clinically, 
and  for  the  further  separation  of  the  carbohydrates  of  the  urine  we 
give  the  table  he  recommends. 

Fermentation     f  Dextrorotatory.        Glucose. 


Gives  crystals 

with 

phenylhydrawn 

directly  in 

urine. 


Melting  point 

of  crystals 
about  200°  C. 


positive.           ^  Lasvorotatory.  Le\-ulose, 

Fermentation  , 

negative.  ^='°«- 

Melting  point  <-  Give  orcin  reaction.  Pentoses. 

of  crj'stals      J 

atwut  150°  C.  I  Do  not  give  orcin  reaction.  Isomaltose. 


{ 


been  warmed  with  dilute  sulphuric  acid.  l  acid  compounds. 

Tlic  polariscopc  is  very  important  to  use.  In  the  recognition  of 
traces  of  sugar  care  must  be  used,  since  normally  most  urines  are 
slightly  !<-evorotatory  and  some  urines  are  dextrorotatory  when  sugar 
is  absent  (Borntrager  in  two  morphia  habitues  I.  Albumin  is  Ikvo- 
rotatory,  hence  may  cover  a  sliglit  dextrorotation.  The  ordinary 
instrument  will  detect  but  about  0.2  per  cetit.  of  glucose.  The  test  is 
of  value  if  rJie  urine  be  tested  before  and  after  fermentation. 

Rubncr's  Test. — This  i?  a  mfidificalion  nf  the  Moore-Heller  test.  Ten  cc. 
of  urine  nre  mixed  with  an  equal  aiiiiuint  of  Pb.Ac.  T  to  10  Sfihilion.  .ind  the  urine 
filtered.     Ammonia  is  (hen  added  drop  by  drop  uniil   the  caseous  precipitate  just 
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rrmains.  TV  lubt  is  ilitn  uatnicd  in  a  baili  at  80^  C.  according  10  wmc.  but 
heated  10  boiling  according  in  Ilnppc-Scjricf  ami  Hnmmanicn.  I(  gluco«e  be 
ptcwtit  *  (m<  Ttiir-Tfi  color  mulls. 

Or,  to  lu  cc-  oi  urine  .ndd  3  gm*.  of  the  dry  PbAc  and  dif-tolvc  by  boiling ; 
then  riltcr.  To  llie  hot  lilimir  add  NH.OH  and  liuti  har<J  It  is  well  to  dilute  ibe 
urine  itut  its  >>pcci5c  gtaviiy  docs  not  exceed  loin 

If  the  orine  be  coTieemrated  it  ^l1ould  be  dibtcd  oiie-hal(  witb  water.  Hoppc- 
ScylcT  rccoR»ii«iid«  that  il  br  tioilcd  for  some  lime  before  ammonia  i>i  added, 
ind  this  il  to  W  added  to  the  boiling  !ioUition.  If  it  be  heated  too  ttroiiKly,  how- 
ever, »  nim'Characieriitic  brown  color  «ppc»rk.  If  it  be  warmed  only  10  80"  C. 
ibr  (eii  intlicatci  gtucoie,  and  lactoie  it  excluded.  An  cxceu  of  aminonia  ruins 
itM  tcsi,  liciKC  Voit  hay«  10  add  a5  volume  of  PliAc  solution  and  o  1  volume  of 
N'lI.OM:  ihe  urine  i*  then  filtered  and  the  fillraic  heated.  To  the  hot  fillntie  is 
.added  niore  aminouiiL. 

Ural  Tftl. — An  eaiy  ie»t,  tomciime*  valuable  and  more  delicaic  than  one 
wuuld  imagine  and  utwayi  posiible,  is  the  following:  One  drop  of  tirine  is  cvap- 
nnicd  to  dryness  in  a  porcelain  ili'h.  It  i'  ibcn  w^irmcd  gcnily.  A  ycUowuh- 
brown  ma»!  with  an  odor  of  caramcU  is  formed  at  a  tcmpeiaiure  of  igo'  10  Joo"  C 

.UooTf'i  T.-i/— Moore's  lest  is  one  of  ibc  firn  uted  for  'iigar.  To  ihe  urine 
t»  added  onc-ftiuith  volume  of  KOtI  or  NaOH.  On  warming  ii  obtained,  first,  a 
yellow,  then  an  orangf.  and  fmally  a  dark  brown  color  with  an  odor  of  caramelf. 
ctcarer  if  tUe  urine  be  acidified.  It  may  be  neec*»ary  to  boil  for  »ome  time.  Il 
occurs  slowly  at  room  lemperature.  Ii  is  ilic  least  delicate  lest.  Sometimes  A 
Doetnal  urine  will  darhcn  'omcwhat.  alto  a  iitiuc  rich  in  miicur  The  nature  of 
the  colored  body  is  not  known  The  names  glucmic  acid  and  metaiinic  acid  have 
been  anggesled.  one  of  which,  probably  CH.COCH.OH.  »ill  reduce  CuSO.  in  Ihe 
oold. 

Cbodce  of  Method — Any  very  positive  reduction  test  indicates  sugar. 
I(  Nylandcr's  test  is  only  suggestive,  it  is  of  value  only  when  we 
know  that  lite  urine  did  not  contain  an  excet^s  of  ammonia,  and  lliat 
tt  was  l>oile»l  for  some  time.  The  urine  may  then  l)e  polarized,  hut 
the  presence  of  a  slight  amount  of  sugar  may  cscajjc  this  lest  from 
the  presence  of  laevorotatory  todies.  In  all  cases  albumin  must  be 
reniove<l.  As  a  routine  re<Iuciion  lest  N'ylander's  is  the  one  tn  he 
recommended.  Hammarstcn  recommends  that  physicians  try  this 
first  If  negative,  no  sugar  is  present.  If  positive,  try  fenneniaiion. 
if  this  is  positive,  ghico.'ie  is  ihe  sugar.  For  the  practitioner  the  fer- 
mentation alone  is  perhaps  the  In-st.  since  it  leads  to  less  confusion. 

In  clearing  the  urine  for  further  tests  il  must  be  remembered  that 
glucose  is  not  precipitated  by  sugar  of  lead,  but  is  almost  completely 
by  basic  lead  acetate. 

QUANTITATIVK    DeTKKM  INATIO.N    OF    GlUCOSE.— WheTl    Sugar    18 

known  to  l>c  present  and  in  good  amount,  a  rough  estimate  of  its 
amount  is  possiWe  by  the  use  ofNaunyn's  table: 

2  littc*  of  urine  of  tpecific  gravity  toa8  10  lojo  =  a  to  j  per  cent. 

3  liI^e^  of  utine  of  s|iecific  gravity  loaS  to  1032  =  3  to  5  per  cent, 

5  litres  of  tiriiie  of  tpecific  gravity  10,10  to  lO.lS  =  S  to  J  per  ceiil. 

6  to  10  litres  o(  urine  of  specific  gravity  1030  to  1042  =^10  10  per  cent. 

In  thus  (stiniating  the  sugar  from  the  specific  gravity,  and  in  the 
following  calculation,  using  the  coefficient  J30,  it  is  assumed  that  the 
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change  in  specific  gravity  is  due  alone  to  the  sugar,  which  is  not  strictly 

justifiable,  since  urea  and  the  chlorides  also  change  somewhat. 

Suppose  the  diabetic  urine  was  3  litres  in  amount  and  of  specific 

2  X  1.015  +  i.ooo  ,  ..  .        . 

gravity   1030:    -— — " — — — ^^^1.010,  the  specific  gravity  01 

normal  urine  if  diluted  to  three  litres  (on  the  basis  that  a  normal 

person  voids  two  litres  with  a  specific  gravity  of   1015).      1.030  — 

1.010  =  0.020,  0.020  X230^=4.6  per  cent. 

,  ,.  2  X  I-015  +  4.000 

In  the  same  way  6  litres  at  1030: — , ^  1.005. 

0 

1.030 —  1.005  =  0.025.  0.025  X  230=^5.8  per  cent. 

Of  the  common  quantitative  determinations  of  clinical  chemistrj-, 
Fehling's  determination  is  the  hardest. 

Dctcrmhiatioii  Zi'ith  Fehling's  Solution. — The  solutions  for  quanti- 
tative work  should  be  made  with  great  care. 

SOLUTIO.V    A, 

Copper  sulphate.  34.65  gms. ; 
Distilled  water,  q.  s.  ad  1000  cc. 

The  CuSOj  should  be  recrystallized.  and  on  heating  at  100°  to 
no"  it  should  lose  28.87  P*""  ^^'^^-  °^  weight;  10  cc.  of  solution  A 
equal  50  mg.  of  sugar. 

SOLUTION    B. 

Rochelle  vails.   [73  gms.: 
Sodiiini    hydrate.    125   gms.; 
Distilled  water,  q.  s.  ad   rooo  cc. 

The  diluted  urine  is  added  from  a  burette  to  the  lx>iling  diluted 
Fehling's  solution  until  the  latter  is  just  decolorized.  The  amount  of 
urine  added  ^=ti,  contains  50  nig.  of  glucose. 

-  -  X  100  ^=  b,  the  percentage  of  glucose  in  the  diluted  urine,    .\1- 

bumin  shnuid  be  removed  from  the  urine. 

Procedure. — Ten  cc.  of  each  solution,  measured  carefully  with  a 
normal  pipette,  are  mixed  in  an  Erlenmeycr  flask  of  150  to  20O  cc. 
capacity,  and  then  diluted  tc  alxnit  50  cc.  with  water.  To  save  time 
several  flasks,  four  or  five,  should  be  prepared  in  this  way  at  the  same 
time  and  kept  almost  at  the  b.iiling  temperature.  The  urine  should 
be  diluted  to  contain  between  0.5  and  1  per  cent,  of  sugar.  Tlie 
reasons  for  ibis  dilution  arc  very  important:  first.  10  cc.  of  Fehling's 
copper  are  reiluced  quantitatively  by  50  mg.  of  phicose  only  when  the 
latter  solution  is  at  that  concentration:  and  secondly,  the  urine  should 
t)e  diluted  at  least  five  times  to  rule  out  the  liislurbing  influence  of  its 


THK   TTRINR:    GLTOOSUBIA 


171 


normal  constihients.  An  imdiltited  urine  wliicli  contains  between  0.5 
to  I  jicr  cent,  cannot  I)c  titrated.  Ilammarsten  suggests  tu  a<l<l  to  it  a 
weiglicd  ^moiuit  of  {glucose  suniciciit  lu  allu\s'  uf  ten  times  dilution, 
and  irom  the  amount  determined  subtract  that  added.  Kougbly  siwak- 
ing.  if  the  sjiecific  gravity  I)e  over  1030  it  is  to  be  diluted  ten  times; 
ii  under,  five  times.  In  careful  wurk,  Imwcver,  uiie  will  not  be  satisfie*! 
with  this,  but  will  choose  the  dilution  more  carefully,  so  that  the  per- 
centage shall  fall  Iwtwecii  llic  aiiove-mentioned  limits.  The  urine  is 
thoroughly  mixed  with  the  water  (failure  to  g«t  a  perfect  mixture 
leads  to  some  odd  results ) ,  and  put  in  a  burette. 

The  first  ilask  of  I'ehling's  snUnion  is  used  to  determine  the  ap- 
proximate amount  of  nrinc  to  add.  To  it.  on  a  tripod  above  the  burner 
and  at  a  boiling  teiuiJcrature.  the  urine  is  added  from  the  burette,  a 
cubic  centimetre  at  a  time,  and  the  mixture  raised  to  the  boiling  jwint 
after  each  addition,  until  the  approxinialc  pi>int  uf  end  reaeiion  i.** 
determined.  To  the  other  flasks  are  then  added  amounts  to  fix  this 
point  more  definitely,  For  instance,  if  it  1>c  found  that  tlic  end  reaction 
of  the  first  llask  was  between  8  and  9  cc,  to  the  second  flask  is  added 
8.5  cc.  If  the  fluid  was  completely  decolorized,  to  the  third  8.3  cc. 
Sltoiitd  this  Iw  still  blue.  10  the  following  is  added  8.4  cc,  which  will 
decide  the  point  of  end  reaction.  The  first  flask  excepted,  to  the  others 
is  added  the  urine  all  at  once.  It  may  then  be  raised  to  the  Imiling 
point,  but  prolonged  lw>iling  is  to  be  avoided.  1  \Vc  notice  that  some 
boil  t\v<)  miiuUes  always.) 

By  end  reaction  is  meant  entire  disapiicarance  of  the  blue,  hut  the 
fluid  must  not  take  a  yellow  tinge,  which  indicates  an  excess  of  sugar 
(see  Moore's  Test). 

To  recogiii/e  the  end  reaction  is  difficult.  Many  methods  have  Iwen 
proposed,  such  .is  filtering  the  urine,  adding  calcimn  chloride,  etc.. 
which  render  the  pit-cipitation  more  rapid,  Calciinn  chloride  10  per 
cent,  is  of  value,  but  little  .should  be  added.  .Mthough  the  longest,  yet 
the  one  most  to  be  rcconuncuilcd  is.  we  think,  that  of  studying  the 
color  of  the  clear  layer  just  beli)w  the  meniscus.  th.it  is.  the  uppermost 
layer  of  fluid  from  which  the  precipiUite  first  settles.  This  is  found 
by  looking  through  the  flask  \vith  the  eye  on  a  level  with  the  meniscus 
and  the  ihisk  placed  in  front  of  a  window  between  which  and  it  is 
held  a  piece  of  white  paper.  If  the  eye  be  in  the  right  position  soon 
is  seen  a  line  of  clear  fluid,  the  upper  layer  and  involving  the  whole 
surface,  at  the  base  of  the  meniscus,  the  color  of  which  is  cisily  de- 
termined, If  (he  eye  he  placed  too  low.  what  will  sccin  to  be  the  line 
is  but  the  base  of  the  meniscus,  hence  of  very  little  depth  While 
watching  for  this  line  the  flask  shnuld  not  be  over  the  flame,  since  the 
currents  of  fluid  with  the  precipitate  will  prevent  its  occurrence.  If  the 
line  is  very  slow  in  forming,  it  usually  indicates  that  the  urine  is  not 
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diluted  enough  or  not  enough  has  been  added.  The  reason  why  the 
solution  canno*  be  filtered  is  that  the  ammonia  salts  will  dissolve  the 
precipitate  of  Cuj(0H)2,  which  is  reoxidized  by  the  air  to  the  blue 
cupric  salt.  The  color  of  the  mass  o£  fluid  cannot  be  determined,  since 
it  is  full  of  a  red  precipitate.  It  cannot  be  allowed  to  settle  much  since 
the  CujIOH)!  settles  upon  the  glass,  and,  it  being  of  a  yellow  color, 
the  rolor  given  to  the  whole  is  its  complementary,  that  is,  blue.  -Again, 
much  time  cannot  be  allowed  for  the  precipitate  to  settle,  since  reoxi- 
dation  by  the  air  is  rapid.  We  have  not  obtained  satisfactory  results 
by  the  use  of  CaCI^,  CaAca,  ZuCl2,  K4FeCNe.  The  last  will  itself 
reduce  Fehling's.  Hammarsten  recommends  that  after  the  approxi- 
mate amount  of  urine  to  be  added  is  determined  with  one  flask,  to 
four  flasks  amounts  of  urine  between  these  limits  and  varying  by  0.1 
cc.  be  added  to  each  at  once,  which  can  then  all  settle  at  once,  thus 
saving  considerable  time.  For  instance,  if  the  approximate  amoimt 
were  6.5  to  7  cc,  to  the  four  flasks  would  be  added  6.6,  6.7,  6.8,  and 
6.9  cc.  respectively,  Thierfelder  advises,  if  the  precipitate  settles  slowly, 
to  rapidly  filter  a  little  through  a  small  paper  into  a  flask  which  rests 
on  white  paper.  If  still  blue,  this  is  washed  back  into  the  original  flask. 
This  allows  of  some  oxidization,  and  the  end  results  must  be  confirmed 
by  other  flasks. 

Other  reducing  substances  may  be  present,  but  pentose  is  the  only  danger- 
ous one.    Since  the  urine  is  diluted  these  are  all  of  little  importance. 

The  method  is  accurate  only  if  the  urine  be  much  diluted,  the  sugar  0.5  to  I 
per  cent.  Above  this  point  its  accuracy  is  about  0.2  per  cent.  In  ease  less  sugar 
is  present  than  0.5  per  cent.,  the  urine  should  be  fermented  and  the  test  repeated. 
The  difference  in  the  results  will  be  the  amount  of  glucose.  Albumin  should  be 
removed  if  more  than  a  mere  trace,  since  this  prevents  the  settling  of  the  precipi- 
tate.    (See  page  171.) 

The  work  of  our  students  has  shown  the  accuracy  of  this  method,  ihiriy-one 
pairs  of  students  working  independently  with  the  same  urine  and  getting  results 
the  extremes  of  which  were  within  the  limits  of  accuracy  usually  demanded  (039 
per  cent.) 

Unfortunately,  at  least  halt  an  hour  is  necessary  for  one  determination,  and 
this  is  often  prohibitory. 

If  VEKi'  LITTLE  SUGAR  be  prescut,  the  urine  (1500  cc)  may  be  precipitated  with 
sugar  of  lead,  then  the  filtrate  precipitated  with  basic  lead  acetate  and  a  little  am- 
monia. The  precipitate  is  suspended  in  alcohol  and  decomposed  with  HiS,  The 
filtrate  is  then  cleared  with  animal  charcoal  if  necessary  and  evaporated  at  low 
temperature  tii  a  small  volume.  The  amount  of  glucose  in  this  solution  is  then 
determined  with  the  polariscope.  To  exclude  lactose  and  bile  acids,  both  of  which 
would,  if  present  in  the  urine,  be  determined  as  well  since  they  are  dextrorotatory, 
the  alcohol  is  evaporated  off.  the  residue  dissolved  in  water,  ycasl  added,  the  glu- 
cose fermented:  the  tluid  is  then  filtered,  the  precipitate  being  washed  with  alcohol, 
the  original  volume  restored  and  again  polarized. 


Fehling's   solution   has   been    much   modified.      One   of   these   is 
Piirdy's  Hiiid,  which  is  made  up  as  follows; 
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Cupik  Mitpluic.  4753  gTM.: 

Slions  ainmnnia   (U.  S-  P->  tp.  cr.  0,9).  350  cc 

Glycerin,  JS  cc. ', 

DiMiUcd  water  q.  ^  ad  1000  cc 

Dissolve  ilie  CUSO4  and  the  KOH  sqiaralely,  mix,  then  when 
cooled  add  the  NH^OH ;  then  enough  water  to  make  i  litre.  Thirty- 
five  cc,  arc  reduced  by  0.020  gm.  ni  glucose.  In  this  case  a  clear  sotu- 
liun  is  decolorized,  since  no  precipitate  is  formed,  and  Init  two  portions 
are  necessarj'.  Tlie  test  may  lie  perfonned  with  the  exchisinn  of  air 
by  a  simple  air-valvc.  since  the  dissolved  cuprous  salts  are  at  once 
reoxidized,  but  so  long  as  it  keeps  boiling  this  provision  is  hardly 
necessary, 

Procedure. — To  35  cc.  of  the  Purdy  fluid  in  a  tjo  to  200  cc. 
Erlcnmeycr  flask  is  added  enongh  water  to  half  fill  the  flask.  The  tip 
of  tile  l>urelie  enters  through  a  perfornted  C')rk.  Through  a  second 
perforation  a  tube  bent  at  right  angle.^  .illows  the  steam  to  escape  and 
keeps  air  out.  also  the  fumes  away  from  the  face.  The  fluid  is  then 
brought  to  a  boil  and  the  urine  added  drop  by  drop  "  until  the  bhie 
color  iMjgins  to  fade;  then,  still  more  slowly,  three  to  five  seconds 
elapsing  after  each  drop,  until  the  blue  color  completely  disappears  and 
leaves  the  test  sohnion  perfectly  transparent  and  colorless,"  If  l)oiled 
too  long  so  that  too  much  ammniiia  is  lost,  the  Ciis(OH)j  will  pre- 
cipitate. Purdy  docs  not  emphasize  strongly  the  need  of  diluting  the 
urine,  and  it  i-s  less  necessary,  since  bis  copjicr  solution  is  so  dilute.  If 
the  sugar  is  over  5  jwr  cent.,  he  advices  to  dilute  four  times  (that  is, 
with  three  volumes  of  water). 

The  urine  added  (=0)  contains  0.020  gm.  of  sugar,  hence  ~ 

a 

X 100  ^  b,  the  percentage  of  glucose. 

For  Lehniami's  nietliod.  see  Sahli  (1905)  and  Citron." 
Polariscope. — For  this  very  important  test  and  quantitative  method 
the  urine  must  be  i>erfectly  clear,  so  that  through  the  lulie  of  the 
polariscope  when  filled  even  the  finest  type  may  be  very  easily  read. 
All  albomin  must  be  removetl,  since  it  is  Ixvorotatorj-.  The  urine  is 
l>est  cleared,  if  jmssiblc.  wiili  Kieselguhr  alone.  An  excess  of  this  is 
added,  the  urine  well  stirred  and  filtered.  The  first  of  the  filtrate  is  to 
be  poured  back  into  the  fimncl.  If.  as  sometimes  happens,  this  docs  not 
clear  perfectly,  crystals  of  sugar  of  lead  are  to  be  added  and  the  urine 
filtered,  or  these  two  methods  may  be  combined. 

TTi*  crystal*  are  wmewhat  preferable  to  ihe  solution,  which  change*  the  vol- 
nme  of  th«  urine.    But  tome  picfcr  to  add  10  tc  o(  PbAc  soluiion  (jj  gms.  in  ido 
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ccA  to  90  cc.  urine,  and  this  clears  ilie  urine  perhaps  better.  Basic  lead  aceUte  can- 
not be  used.  Kieselguhr  is  recommended  since  lead  acetate  in  any  excess  ahert 
the  physical  properties  of  the  fluid  and  does  remove  some  glucose  from  urine, 
although  none  from  a  pure  glucose  soliuion,  and  yet  Kieselguhr  also  may  remove 
some  sugar.  Others  recommend  a  small  amount  of  PbAc  and  a  leaspoonful  of 
NaiSO,  (added  after  the  sugar  of  lead  is  dissolved). 

The  tube  is  then  filled,  care  being  taken  that  no  air-bubbles  be 
enclosed,  ami  the  angle  of  rotation  measured  by  the  scale  on  B  (Fig. 
25),  using  the  vernier,  C,  for  the  fractions  of  a  degree. 


Flg.  13.— t-lalf.shailow  Mccharomelct.    A,  ocular  Uf4d  in  Eoca&&ing  Ihe  firld  ;  B,  gradualed  diak ;  C, 
vernier;  D.  lever  for  rolalinff  analyfer ;  E.  lube  for  urine;  K,  glass  disk  ;  and  G.  cap  for  end. 

The  tube.  E.  is  first  cleaned  thoroughly  and  dried.  The  glass  disk.  F,  of 
the  tnrU  arc  perfectly  clean  and  clear.  One  gIn'S  is  screwed  in  and  then  the  tube 
filled  with  ihe  perfectly  clear  urine  lill  the  meniscus  is  convex.  The  second  glass 
disk  is  then  slid  on  from  ihc  -iide.  pushing  off  ihe  excess  of  urine  and  allowing  no 
air  to  enler.  and  (he  ineial  c.i]).  G,  screwed  d'nvn  over  ihis. 

The  student  should  understand  Ihc  inslrument  that  lie  is  using.  There  are 
many  varieties  on  the  market  with  slight  differences  in  iheir  construction  and 
greater  in  iheir  usage.     It  is  seldom,  of  course,  thai  a  real  polariscope  is  used,  but 
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iucnntiilt  nodiflcd  fur  clmicul  purpmcs.  The  puUriMuiic  is  an  instrnincni  which 
naum  the  angle  of  rouiion  caused  by  an  active  lubtunce;  Ihc  knitih  ul  Utc 
tube  i>  usually  lo  cm.  or  mivliir>lci  u(  tlii^.  and  ihc  rradiiiK  'n  in  dcgfco^.  The 
ipKiAc  nxaUon  of  gliicoie  U  1^1^  t=  $1.74'.  If  a  pobriicope  be  vivd.  there- 
liBt  lh»  »ni[lf  "f  roi.'iiion  imiil  be  divultd  iiy  Ojj?  lo  jivv  the  per<:emaKe  of  sugar. 
Thtnc  in  clinical  uie  are  uiually  "  liaH-ihaduw  inilninn-nK"  and  .limplified  liy 
iPiiiB  luW*  ii(  Mi(h  leiiBlti — 18H6  mm  <bcllcr  189,^  mm  lethal  one  degree  of 
Nrutiitn  Kill  Miual  one  |ier  cciii.  of  gliicate.  Hnch  inMniment  u.-'Ualty  hai  an- 
il)i«  tube,  ime'hair  ai  long.— 04..!  mm  (better  1)4.7  inin, ).— for  bi|tlily  colored 
tnnc  Another  inMriimcm  which  is  veT>'  impular  and  much  more  convenient  it 
ih  ncdumfiKier.  in  which  the  roiaiiuii  by  the  MiKnt  i^  to  l<e  balanced  by  »  com- 
pmniing  (|nartx  ncdge  ivhich  i^  marked  with  ;in  empirical  «calc.  The  grc4il  ad- 
iinOgr  o(  thU  iiiBlriinieni  is  ihsit  i>rdii'^iry  white  liKhl.  at  the  WcUbach  burner, 
at  Ic  nwd;    in  the  other  in»irumcm  a  lodiuni  Hame  only. 

In  using,  tlie  field  nnisl  he  first  fncnsseil  at  A  niid  tlie  zcrn  ]ioint 

lirtfrmincti.     This  chanReB  somewhat  with  the  tctn|)(.Tatui'c,  particu- 

I  Wly  in  llie  carelessly  ii-jctl  iiistniiiient.     Tlie  lul)e  is  llii-ri  inserted,  the 

fitlil  focussed  sharply,  and  tlie  rntntinn  deterniined.  The  accuracy  with 

which  this  can  be  dune  will  <lq)cnd  upnn  tiic  clcarne.'is  of  the  field 

»hidi  dqxiids  on  the  fluid  and  fixnis.  the  sensitiveness  of  the  instru- 


o 
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Ptoa.  Jiaod  >7,— Tlw  lleWt «  »«ii  hi  tlir  vw  ■  iii'-^^.i  ■.ommoii  l>i*iol  tllrikal  Mcchaionwien.  Tlie 
notta)  tgum.  cnr  fielda  wjlh  hdva  ul  t<|iul  llJaminatlon,  in  Itw  hto  p«iDli.  The  oOiea  an  tlie 
teld*  vtlli  tno  Kiiltuitt  ton  much  tmsilon, 

nient.  and  the  bnghtness  of  the  lisht.  To  find  ilic  eiHl-|ioint  with  fields 
of  e4|ital  illiimi nation  there  arc  two  connnon  methods.  In  the  one  case. 
the  analyzer  is  rotated  until  a  tilack  l».nnd  seems  to  cross  the  division 
of  ihc  fiehls.  This  shadow,  purely  subjective,  is  yet  of  great  value,  It 
always  a|);rear»  a  little  too  s»xni,  therefore  an  average  of  the  readings 
made  from  Imth  dircctinns  should  be  used.  In  the  second  method 
ihe  analyzer  is  slowly  turned,  alwiiys  in  the  same  direclion.  the  eye 
lieing  used  ImH  for  a  few  seconds  at  a  tinic.  until  Ihe  end-point  seems 
to  he  just  rcacheil,  that  is.  where  there  is  no  perceptible  dilTcrcncc  be- 
tween Ihe  two  fields.  This  jmint  will  always  be  attained  a  little  too 
soon,  and  in  amount  equal  to  the  sensitiveness  r>f  (he  instrument. 
Hetu'c.  also,  several  readings  should  be  made,  turning  fr>iin  lioth  direc- 
tions, and  an  average  taken.    In  all  cases  it  should  be  remembered  that 
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the  eye  should  be  used  but  for  a  few  seconds  at  a  time,  not  over  fifteen, 
to  prevent  fatiguing  the  retina.  The  depth  of  illumination  of  the  whole 
field  should  be  judged,  and  not  of  contiguous  portions. 

The  half-shadow  instrumentj,  modifications  o(  the  Laurent,  have  been  con- 
structed to  give  readings  which  are  sensitive  to  a  very  high  degree,  of  even  o.oz°, 
but  it  should  be  remembered  that  the  principle  on  which  the  instrument  rests  ii 
itself  inaccurate  to  about  o.z  per  cent.,  hence  one  gains  very  little  from  these  very 
minute  readings  and  some  very  careful  work  has  only  the  appearance  of  accuracy. 

The  ends  of  the  tube  must  be  planed  at  a  right  angle  to  its  long  axis.  If  their 
axis  forms  an  angle  of  aver  ten  degrees  its  use  is  impossible.  This  is  easily  recog- 
nized by  putting  a  tube  in  the  instrument,  focussing  carefully,  and  then  revolving 
the  tube.  The  same  effect  is  produced  as  if  the  analyzer  were  rotated.  Leather 
washers  are  necessary  to  prevent  too  much  tension  of  the  metal  cap  upon  the 
glass  disk  covering  the  end.  If  this  glass  is  subjected  to  loo  high  tension,  it  be- 
comes doubly  refractive  and  a  similar  error  arises  as  the  above,  hence  before  any 
readings  are  made  the  tube  should  be  rolled  between  the  lingers.  If  this  causes 
the  two  fields  to  change  in  relative  intensity,  it  may  indicate  one  of  the  two  above 
mentioned  errors.  If  the  whole  of  the  field  is  not  equally  sharp  the  solution  i) 
not  homogeneous  or  the  tube  dirty.    This  is  also  recognized  by  rolling  the  tube. 

The  normal  urine  is  slightly  laevorotatory  (0.005°  ^o  0.18°).  A 
trace  of  sugar  may  therefore  be  hidden  by  a  rotation  of  practically 
zero.  In  some  cases  the  urine  is  dextrorotatory  when  glucose  is  not 
present.  Such  were  two  cases  of  morphia  habit  (Borntrager).  A 
polariscope  is  an  instrument  for  the  laboratory;  for  the  practical  man 
it  is  a  great  (though  expensive)  aid  in  quantitative  work.  Albumin 
must  be  removed,  it  being  lievorotatory.  Should  the  worker  make  up 
a  glucose  solution  and  test  it  with  the  polariscope,  he  must  remember 
to  use  a  solution  which  has  stood  for  at  least  a  day,  since  glucose  shows 
a  birotation  when  first  dissolved. 

Fermentation:  Specific  Gravity  Method  of  Robcris.^" — The 
amount  of  sugar  is  estimated  from  the  difference  in  specific  gravity 
before  and  after  fermentation.  The  urine  should  be  acidified,  if  neces- 
sary, with  tartaric  acid.  The  specific  gravity  is  first  carefully  de- 
termined, using  a  very  accurate  aerometer  and  paying  due  regard  to 
the  temperature  of  the  fluid.  A  piece  of  washed  yeast  the  size  of  a 
hazel-nut  is  then  added  and  the  urine  allowed  to  ferment  at  from  15" 
to  35''C.  (a  temperature  of  34''C.  is  the  best)  until  it  gives  no  further 
qualitative  test  for  sugar.  This  takes  from  twenty-four  to  forty-eight 
hours.  The  sediment  is  brought  into  suspension  and  the  specific  grav- 
ity again  tested.  The  difference  in  the  specific  gravity  multiplied  by 
234  gives  the  percentage  of  sugar.  It  were  better  that  the  pycnom- 
eter  method  of  determining  specific  gravity  l>e  used,  since  the  aero- 
metrical  method,  at  the  best  poor,  is  hardly  delicate  enough  for  this 
work.     With  accurate  work  the  results  are  correct  to  0,1   per  cent. 
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Albumin  nted  not  l«  removed.  The  sugar  should  be  at  least  0.5  per 
cent.  A  greater  accuracy  is  ihercforc  claimed  for  ihis  than  fi'T  F'ehl- 
iiigs  method. 

Ffrmctttatioii :  iiM-Vohtinclrif  Mi-lliod. —  llic  Eiiihoni  metliod  of 
rieterniiniiig  the  amouni  of  sugnr  by  the  amount  of  carbon  dioxide 
produced  is  tliouftlit  by  many  to  be  a  faihirc,  since  the  amount  of 
gas  i)r<:i(Uiced  <lepeiu!s  on  ilie  amouni  of  yeast,  its  activity,  the  tem- 
perature, and  many  other  faciorj.;  yel  it  is  possible  to  control  well  ail 
of  these  factors,  and  we  have  seen  excellent  rcsuhs  with  it.  l^hn- 
slein's'^  instrument  is  said  to  be  accurate  and  to  give  the  result  in 
six  hours  using  undiluted  tu-ines. 

The  Roberts  method  is  the  licst  for  the  practitioner  who  has  not  a 
potariscope  nor  the  time  for  the  titration.  The  factor  used  in  de- 
termining the  per  cent,  will  lie  found  to  v:iry  in  various  text-books, 
but  llic  one  to  use  will  de|Kn«l  on  the  method  employed,  each  modifica- 
tion necessitating  a  different  coefficient.  Unless  one  is  careful  in  the 
details,  an  error  as  high  as  5  per  cent,  of  the  total  amount  may  be 
made. 

Levulose  is  a  sugar  widely  spread  in  the  vegetable  kingdom,  par- 
iciilarly  among  the  fruits.  It  is  often  present  in  the  urine  of  diabetics, 
but  associated  with  glucose.  There  arc,  however,  ,1  few  cases  of  pure 
brvulosuria  on  record  ( Naunyii)  in  which  ibis  sugar  was  present  in 
about  1  to  3  per  cent:  but.  as  a  rule,  there  is  less  than  i  ]>er  cent. 
Rosin  and  Laband  rqKirtcd  recently""  an  interesting  case  nf  pure 
laevnlosuria  (about  0.6  per  cent.,  with  considerable  hevulos^mia.  even 
0.5  per  cent,  when  the  urine  was  negative),  and  uninfluenced  by  the 
ingestion  of  even  100  gms.  of  levulose  or  glucose.  It  is  interesting  that 
it  is  excreted,  since  levulose  is  the  sugar  most  easily  used  by  some  dia- 
betics, but  by  no  means  by  all.  if  large  doses  are  given,  it  is  excreted 
almost  entirely  as  glucose.  In  non-diabetic  persons  may  occur  spon- 
taneous txvulosuria. 

Most  of  the  obsenations  of  Ircviilosuria  arc  in  doubt,  since  other 
bevorotatory  bodies  may  have  liecn  thus  interpreted.  Ii  is  to  be  sus- 
pected when  the  percentage  of  sugar  determined  by  polarization  is  less 
than  that  by  titration  and  the  Irevorotatory  body  is  fermcnt-iblc.  In 
sixteen  cases  Rosin  and  Laband  found  a  hevorotation  (titration  minus 
polarization)  of  0.3  to  i.7percent.  (as  glucose).    No  acetone  present, 

Levulose  includes  among  others  laiosc  and  fructose.  Fructose 
gives  reactions  very  similar  to  those  of  glucose;  reduces  copper  some- 
what less  readily  (loiwr  cent.),  fcnitents,  and  has  an  angle  of  l,Tvoro- 
tation  of  uncertain  amount.  Its  characteristic  test  is  that  of  Seliwan- 
off.  wliich  it  is  well  to  use  in  all  cases  of  dia])ctes.  yet  Rosin,  also  Fr. 


Miinch.  mcd  Wochensehr,  1899.  No.  sa 
Zeii»chr.  f.  tilin,  Med..  1901,  vol.  xWi,  p. 
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Muller,**  warn  against  the  test,  stating  that  it  must  be  confirmed,  since 
glucosamin  gives  the  same,  A  moderately  dilute  hydrochloric  add 
(I  volume  of  HCl  to  2  volumes  of  H^O)  solution  of  resorcin  is 
warmed  and  a  little  levulose  added;  the  fluid  at  once  becomes  a  beau- 
tiful red,  due  to  a  precipitate  which  is  soluble  in  alcohol  to  a  fine  red 
color.  Levulose,  if  warmed  with  a  concentrated  alcoholic  solution  of 
resorcin,  gives  a  brick-red  color.  It  gives  the  same  osazone  as  glucose. 
It  is  a  more  fragile  body  than  glucose. 

The  other  lievorotatory  bodies  of  the  urine  which  must  be  excluded 
are  albumin,  glycuronic  acid  compounds,  |8-oxybutyric  acid,  and  cystin. 
If  the  l^evorotation  disappears  on  fermenting,  the  strong  probability  is 
for  levulose.    To  be  ])erfectly  sure,  the  sugar  must  be  isolated.^" 

Alimentary  L.*;vulosuria  has  been  much  used  as  a  test  in  the 
functional  diagnosis  of  liver  disease.  Strauss"'  found  that  the  inges- 
tion of  100  gms.  of  levulose  was  followed  by  Ixvulosuria  in  90  per  cent. 
(26  of  28  cases)  of  cases  with  hepatic  trouble,  and  in  but  10  per  cent 
(6  of  58)  of  nonnal  men.  Ferrannini  and  Bruining  also  considered 
the  test  valuable.  Landsberg'^  could  get  the  test  in  but  9  of  21  cases 
{not  severe  ones),  and  in  four  of  seven  normal  persons,  hence  doubts 
its  value. 

Lactose  is  found  in  the  urine  of  women  during  lactation  in  which 
case  stasis  in  the  lacteal  glands  is  the  cause,  and  of  patients  who  have 
been  long  on  a  milk  diet.  In  feeding  experiments  it  is  present  after 
the  ingestion  of  100  gms.  as  a  rule.  In  diabetics  Voit  has  foimd  that 
if  lactose  be  fed  they  excrete  glucose,  while  in  the  case  of  lactating 
women  the  reverse  is  true.  The  amount  present  is  usually  small,  but 
may  be  as  high  as  2  to  3  per  cent.  In  the  case  of  lactating  women  it 
has  been  found  in  the  urine  of  1 15  of  148  cases  (  Ney).  Others  report 
it  in  all  cases.  It  reaches  a  maximum  on  the  second  to  the  fourth  day 
after  delivery. 

Lactose  is  dextrorotatory  (52,5").  Lactosazon  crystallizes  in 
small  yellow  prisms  arranged  in  spheres  and  with  a  melting  point  of 
200^  C.  Its  reduction  tests  are  like  those  of  glucose,  but  copper  is 
rciluced  somewhat  less  actively,  and  silver  nitrate  (ammoniacal)  is  in 
the  cold.  Nylander's  test  is  positive.  If  solutions  of  lactose  be  boiled 
se\ernl  hours  with  dilute  mineral  acid,  it  is  inverted  to  galactose  and 
glucose.  It  does  not  ferment  with  ordinarj'  yeasts,  though  some  will 
ferment  it  without  tlie  production  of  COo.  It  is  to  be  suspected  when 
the  copper  and  bismuth  tests  are  positive  yet  somewhat  slow,  and  the 
fermentation  antl  phcnylhydrazin  are  negative.     To  detect  in  the  urine 

*  Dcnlsclics  .Arch.  f.  kWn.  Med.,  1004,  p.  rfi.io. 
'"See  Peligol  method,  Cnmpt.-rciid..  vol.   nc.  p,   153, 
"  nmtsch.  iiipii,  Wochon?chr..  1901.  Nns,  44  and  45. 
'■Ihid.,  ;\iignst  6,  1903, 
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the  fcniioiiation  lest  may  <leceive.  Tile  iiriue  muM  first  be  sterilized 
and  jmre  yeast  uh^I.  else  the  bacteria  in  tlie  yeast  and  iiriiie  will  split 
the  lactose,  giving  a  feniieinaWe  sugar.  I  i  llie  iiriiie  due*  not  ferment, 
jet  reduces  copiKT,  lactose  or  pentose  may  he  sus]>ecied.  To  separate 
these  the  jililoroglucin  test  should  be  used. 

Rfibncr's  test  is  valuable.  The  urine  is  boiled  with  an  excess  of 
sugar  of  lead  from  three  tn  four  minutes,  \\ben  the  solution  Iwcomes 
yellow  or  brown.  To  the  hot  iluid  Is  then  added  ammonia  as  long  as 
the  precijtiiaie  which  forms  will  still  dissolve.  An  intense  brick-red 
tliiic)  is  obtained  which  settles  later  as  a  copper-red  precipitate  with  a 
colorless  supeniaiant  fluid.  This  test  is  |)Ositive  if  the  lactose  lie  from 
0.05  to  O.O.;  per  cent.  The  lest  is  perhaps  best  perfi>rnie<I  by  adding 
3  gms.  of  Pl>Ac  to  10  cc.  of  urine.  The  precipitate  is  then  filtered  off 
and  tbc  liltrate  tested.  If  the  specific  graviiy  of  the  urine  he  over  102a 
it  is  best  to  dilute  one-half.  If  the  test  be  performed  as  recommendeil 
for  glucose,  that  is,  the  solution  warmed  but  not  boiled,  no  red  color 
is  obtained — only  a  yellow  coffee-brown  or  red.  acc(»rdinp  to  concen- 
tration, (llucose  gives  a  red  solution  with  a  yellow  precipitate.  Mal- 
ti>se.  a  little  yellow,  and  levulosc.  no  c-il'ir  at  all.  To  prove  tliat  it  is 
lactose  present  the  sugar  can  be  isolated," 

Pentoses — The  pentoses,  sugars  with  a  chain  of  five  carbon  atoms, 
occur  widely  in  nature,  not  as  such,  however,  hut  as  ]»ro(hicts  by  hy- 
drolysis of  more  complex  carhuhydralc  nioleades.  which  are  very  im- 
[KWiani  in  Ihe  vegetable  kingdom.  In  the  herbivora  the  pentoses  play 
alm4»t  the  same  role  as  the  licxoses  in  man,  K'ing  glycogcn-builders, 
In  lite  animal  kingdom  they  play  an  imiKirtant  part  as  the  carlWiy- 
draie  nucleus  in  the  nucleo-prnieid  molecule  of  certain  organs,  the 
pancreas,  thyroid,  thymus,  brain,  spleen,  and  liver. 

Tlie*e  sugars  are  found  in  many,  if  not  in  all,  nonual  urines.  They 
were  found  in  beer  by  v.  Jaksch.  which  perhaps  explains  their  common 
occurrence  in  the  urine  in  a  becr-drii iking  country.  These  sugars, 
when  ingested  pure,  pass  the  easiest  of  all  into  the  urine,  and  in  the 
ca.sc  of  .xylose  may  lie  demonstrated  even  after  a  dose  of  50  nig.  Yet 
not  all  is  excreted.  They  occur  also  with  glucose  in  many  diabetic 
urines  ( Kuiz  and  Vogel.  who  found  them  in  64  of  So  cases). 

.-\s  an  indeiwndent  condition  the  pentoses  were  first  found  in  the 
urine  by  Salkowski  and  Jastrowitz  in  two  cases  of  suspected  gly- 
cosuria. More  recently  other  cases  have  been  reported,  hut  in  i9<i3 
the  numl>er  had  reached  only  five  or  possibly  six  fUrat's  case^*). 
Bendix  later  collected  twelve  cases  and  adds  one.  It  is  interesting  that 
several  were  old  nv>q)bta  habitues,  but  the  pentosuria  continued  after 
the  habit  was  cured  in  one  case,  not  in  another.    More  recent  cises  give 

"  See  HofmeUtet.  Lehrli.  d    Physiol.  Chcm,.  1899,  p.  519. 
"  Miinch   med.  Woelien^chr..  1903, 
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no  such  history.  It  seems  to  be  a  chronic  condition  and  without  symp- 
toms, the  sugar  being  an  accidental  discovery.  It  does  not  occur  in 
laige  amounts — for  instance,  in  Salkowski's  case,  corresponding  to  0.07 
to  0.15  per  cent,  xylose,  in  Bendix's  case,  0.4  to  0.6  per  cent.  Bial" 
found  that  such  cases  could  assimilate  glucose  normally,  but  pentose 
as  well.  The  only  explanation,  therefore,  that  he  can  oflfer  is  that  an 
excess  of  pentose  is  formed.  Bial  also  found  the  assimilation  limit  for 
hexose  and  pentose  normal. 

These  urines  reduce  copper,  but  not  well,  as  if  only  a  trace  of  glu- 
cose were  present.  The  reduction  does  not  come  at  once,  but  after 
cooling,  and  suddenly  throughout  all  the  urine;  they  do  not  ferment, 
the  urine  is  but  slightly  dextrorotatory,  and  with  Nylander's  the  pre- 
cipitate is  only  a  gray.  It  is  seen  that  they  resemble  the  urine  of  lac- 
tosuria.  V.  Jaksch  found  that  diabetics  excreted  from  48.98.  to  82.02 
per  cent,  of  the  arabinoses  of  the  food,  and  non-diabetics  i  to  42.65  per 
cent.  Non-diabetics  excrete  from  54.8  to  18.7  per  cent,  of  xylose, 
while  diabetics  only  a  trace.  Of  rhamnose  from  63  to  55  per  cent,  was 
excreted  by  non-diabetics,  and  from  3  to  13  per  cent,  by  diabetics. 

Xylose  is  one  of  chief  general  importance.  This  is  dextrorotatory. 
It  forms  osazones  with  a  melting  point  of  159°  to  160°  C,  reduces 
copper  and  Nylander's  solutions,  and  gives  an  orange  precipitate  with 
Riibner's  test ;   the  furfurol  reaction  is  positive ;   it  does  not  ferment. 

The  arabinoses  are  somewhat  different.  These  are  dextrorotatory 
(104  to  105  per  cent.),  reduce  somewhat  better  than  xylose,  form 
osazones.  the  melting  |x>int  of  which  is  from  157^  to  158°  C.  Other- 
wise they  are  very  similar  to  the  above.  The  arabinose  (i)  is  of 
particular  interest,  since  this  is  the  form  occurring  in  the  urine. 

Tests. — The  pentoses  give  the  phloroglucin  reaction  (as  do  also 
lactose  and  galactose),  but  with  pentose  the  color  test  is  confirmed  by 
its  characteristic  spectrum,  which  is  also  true  of  glycuronic  acid,  which 
gives  exactly  tlie  same  test.  This  test,  according  to  Tollen,  is  as  fol- 
lows: To  a  few  cubic  centimetres  of  urine  are  added  an  equal  part  of 
HCI  (sp.  gr.  i.ig),  then  from  25  to  30  mg.  of  phloroglucin,  and  the 
solution  warmed  until  a  red  color  appears.  This  .solution  is  examined 
spectroscopically  at  once  for  a  band  in  the  green.  If  not  present,  the 
solution  is  brought  to  a  boil  and  the  spectrum  again  tested. 

Salkowski  recommends  the  following  modification :  Five  to  six 
cc,  of  fuming  HCI  are  warmed  and  saturated  with  phloroglucin,  leav- 
ing some  undissolved.  This  solution  is  then  halved.  To  the  one  test- 
tube  is  added  0,5  cc.  of  the  suspected  urine,  and  to  the  other  0.5  cc. 
of  normal  urine.  Both  test-tubes  are  then  ]>laced  in  a  beaker  of  boiling 
water.  If  pentose  he  present,  this  tube  will  soon  present  a  red  color, 
which  begins  above  and  extends  downward.  The  solution  is  e.xam- 
"Vcrh.  <!.  XIX.  Kongr,  f.  inn,  Med. 
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ined  spectroscoi)ically.     The  test-tubes  should  be  removed  froin  the 
vvater-halh  as  soon  as  the  red  begins  to  appear. 

To  exclude  glycuromc  acid  the  oiizoiic  must  be  determined  (Sal- 
kowski ) .  Two  hundred  to  5cxj  cc,  of  urine  are  placed  in  a 
beaker,  and  2.5  gins,  per  too  cc,  of  urine  of  phenyl  by  drazin  dissolved 
ill  an  excess  of  acetic  acid  added  (or  3.5  gms,  HCI  phenyl hydrazin 
with  1.5  pans  of  NaAc).  Tbis  ihiid  is  tben  warmed  until  boiling 
begins.  It  is  allowed  to  stand  from  one  to  one  and  nnc-fourth  hours  in 
)K>tling  water  and  then  cooled.  If  pentose  be  present  in  any  consider- 
able amount,  a  large  sediment  of  crj'stals  will  appear.  As  soon  as  the 
co'Stallization  is  complete  the  precipitate  is  then  rccrystallizcd  from  a 
hot.  very  dilute  alcoholic  solution,  anil  again  until  the  melting  point  is 
constant. 

The  orcin-HCI  test  is  recommended  as  a  more  specific  one,  exclud- 
ing the  glycuronic  acid  compounds.  To  the  urine  is  .'uldcd  an  equal 
volume  of  concentrated  HCI,  and  then  a  small  amount  of  orcin.  Tbe 
solution  is  iJien  heateJ,  If  pentose  or  glycuronic  acid  is  present,  the 
fluid  becomes  a  rcddish-bhie  color  with  a  characteristic  absorption 
spectrum.  The  urine  should  first  be  decolorized  with  animal  cliarcoal. 
The  reddish  col<ir  may  not  be  seen,  or  only  very  transitorily,  a  green 
color  being  obtained.  The  solution  is  cooled  until  only  wami.  and  then 
shaken  out  with  amyl  alcohol.  A  green  fluid  with  characteristic 
absorption  bands  is  obtained. 

Bial's  last  modification  of  the  Salkowski-Blumenthal  test^*  is  as 
follows:  A  reagent  (IlCl  30  per  cent.,  500  cc. ;  orcin.  r  gm, ;  10 
per  cent.  FcjClfl.  25  drops)  is  used.  Four  or  5  cc.  of  this  reagent  are 
heated  to  boiling,  then  removed  from  tbe  llame  and  the  suspicious  urine 
added  drop  by  ilrop.  but  not  exceeding  1  cc,  .\  fine  green  color  appears 
at  once,  or  very  soi^mi.  if  pentose  he  present.  This  test,  he  says,  is  not 
given  by  the  glycuronic  acid  compounds  or  any  other  body  but  pentose. 
He  considers  his  several  critics  now  answered. 

If  hexoses  Ix  present,  these  should  not  be  fermented,  since  the 
pentoses,  although  un fermentable,  will  disappear  during  tbe  process 
faltributed  to  the  bacteria  with  the  yeast).  Tbese  sugars  should  be 
precipitated  as  osazones.  and  then  separated. 

itflhod  of  Kali  and  l-'ogfl. — From  t  fi  lo  jiJ  lilrc?  o(  urine  are  used  For 
each  100  gm».  of  glucoac  arc  udilM  KXt  xtns.  phcnythyilrarin  plus  100  khk.  stncinl 
ac«n'c  ftcid.  The  urine  h  then  heated  on  a  waler-balh  fur  an  hour  and  a  half, 
cooled,  and  tittered  Tlie  filtrate  is  aitain  healed  on  ihe  haih  for  one  .ind  a  half 
hotirs  and  filtered.  The  combined  precipitate)  are  well  washed  willi  cold  water 
uid  digcikied  in  water  al  60'  C  which  diMuIve*  ilie  peniosatone.  Glucosniune  is 
diKBolved  ftnly  on  hcBtinn  m  boiling.  One  liire  of  water  per  100  gtm.  of  siiRBr  is 
OKd.  and  the  digeition  coniiniied  twelve-  hours,  Thi*  is  repealed  fifteen  tim«.  The 
hot  extract*  arc  liltetetl.  then  allowed  to  cool,  and  the  pcntotirone  will  separate. 
This  is  refnirified.  tuing  les»  water,  till  ihc  melting  point  i*  constant. 

**  Oeuttch.  med.  Woehensehr..  July  3, 1903, 
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To  separate  the  pentoses  the  alcoholic  solution  is  polarized.  The  lylosazooe 
shows  a  strong  constant  laevorotation.  while  arabinosazone  immediately  after  for- 
matioti  is  dextrorotatory  and  then  optically  negative. 

Cases  of  pentosuria  are  exceedingly  rare,  perhaps  because  unsus- 
pected and  tiierefore  overlooked.  This  is  the  only  sugar  which,  with 
many  of  the  glucose  tests,  promises  much  trouble.  Suspicious  cases  of 
glycosuria,  in  which  the  tests  are  unsatisfactory,  should  always  be 
further  examined. 

Inosite — Inosite  occurs  in  a  great  many  plants  and  vegetables.  It 
occurs  rarely  and  in  small  amounts  in  the  urine  of  nephritics  and  dia- 
betics, and  also  in  other  cases  of  polyuria.  Naunyn  mentions  a  case 
with  1 8  to  20  gms.  per  day,  but  emphasizes  the  fact  that  inosite  is  not 
a  sugar,  and  the  case  was  proliably  dialsetes  insipidus.  -  Hoppe-Seyler 
considers  that  it  occurs  in  all  normal  urines.  The  method  of  isolation 
antl  detection  is  rather  long.  We  give  it,  since  in  other  conditions  also 
inosite  is  interesting. 

The  urine  should  be  evaporated  to  one-quarter  its  volume.  The  urine  is  then 
precipitated  with  baryta  water.  The  precipitate  is  washed,  decomposed  with  HiS. 
and  evaporated  (albumin  must  first  lie  removed  I,  .^fter  decomposition  with 
HiS  the  filtrate  is  allowed  to  stand  and  the  uric  acid  tirst  filtered  off.  The 
filtrate  is  then  concentrated  to  a  syrup  and  treated  boiling  hot  with  two  to  three 
volumes  of  alcohol.  A  precipitate  rapidly  forms.  This  is  cooled,  ether  is  added, 
and  the  crystals  will  slowly  appear.  These  are  to  be  purified  by  decolorization 
and  recrystallization. 

Tests. — The  inosite  is  evaporated  with  nitric  acid  on  a  platinum- 
foil  to  dryness.  To  the  residue  are  added  a  little  ammonia  and  one 
drop  of  CaClo.  It  is  then  again  evaporated  to  dryness  and  a  fine  rose- 
red  resi<liie  obtained  (Scherer's  test).  This  succeeds  only  when  the 
inosite  is  fairly  pure. 

Si-idd's  Test. — This  is  the  same  as  the  alx)ve  except  strontium 
acetate  is  added  insteail  of  CaCla,  and  a  fine  green  colored  solution  with 
a  violet  precipitate  appears.  This  test  is  positive  when  0.3  mg.  of 
inosite  is  used. 

Gallois  Test, — The  inosite  solution  is  evaporated  almost  to  dryness, 
the  residue  moistened  with  a  little  mercuric  nitrate.  On  drying  the 
solution  a  yellow  residtie  is  obtained,  which  on  high  heat  is  of  a  fine 
red  color,  which  disappears  on  cooling  and  reappears  on  warming. 

Glycogen  (or  Erythrodextrin I . — This  has  i>een  found  in  the  urine 
of  dial)etics  after  the  sugar  disappears  or  diminishes  as  a  dextrin-like 
substance  which  browns  on  the  addition  of  if>dine.  The  urine  reduces 
cop])er  after  long  lK>iling.  To  detect,  the  sugar  is  evaporated  to  a 
syrup,  and  KOH  and  ahs<ilute  alcohol  addc{l  until  a  cloud  due  to  the 
potassium  salts  is  obtained.  The  fluid  is  then  decanted,  the  precipitate 
is  washed  several  times  with  absolute  alcohol,  dissolved  in  acetic  acid. 
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'and  rcprccipitatcd  with  al>salme  alcolinl.    This  precipitate  is  warmed 
with  the  alcohol  and  drii-d.     .\  white  tasteless  powder  is  nhuiined. 
soluhle  in  water,  which  reduces  copjier  slowly  and  browns  on  the 
^addition  of  irxline. 

B^      Animal  Gum  (Landwchr). — This  is  said  to  occur  normally  in  the 

^Bnne.     It  sccins  tr>  1m>  a  pentnse.  is  slightly  dexlrorotatorv,  and  not  fer- 

^'nientabic.     With  the  copper  test  is  olnained  a  precipitate  which  on 

boiling  docs  not  blacken.    AUtiian  found  it  much  increased  in  diabetes 

mcllitus  (i,2  to  36.(>  gnis.  ]»er  day.  n'irmally  o.i  lo  0.3  gm.).     It  is 

prtjbably  not  one.  but  a  group  nf  Ixtdics  prccipitahlc  by  alcohol. 

Laiose  is  a  sugar  not  yet  well  isolated  and  the  nature  of  which  is 
uncertain,  fmimt  by  Leo  "  in  the  urine  of  sntne  diabetics.  It  i^  lasvoro- 
tator)',  non- fermentable,  with  a  salty  taste  and  little  reducing  ability 
except  after  long  boiling.  It  gives  an  oily  cotiipoun<l  with  plicnylby- 
drazin.     It  is  not  always  present. 

t  Maltose  was  present  in  two  cases,  but  in  small  and  variable 
mounts, 
Isomaltose. — This  sugar  has  been  demonstrated  in  normal  urine. 
Vhetber  prciurmcd  or  formed  from  glucose  is  uncertain,  since  the 
latter  transformation  is  very  easy,  llie  osazonc  is  in  very  fine  crys- 
tals, with  a  melting  point  of  ijO''  to  153°  C.  It  d'>es  not  ferment,  or 
only  verj-  slowly,  reduces  cop])cr  and  bismuth,  and  is  dextrorotatory. 
It  is  to  lie  deniunstmted  as  a  benzoatc. 

K       Melituria. —  In  the  case  of  some  malingerers  it  may  be  necessary  to 

"recognize  this  sugar.''"  In  Brown's  case  the  urine  was  of  high  specific 
gravity,  gave  a  [Hjsitive  Fehling's  test,  but  mit  quite  typical,  and  hut 
very  few  crj-stals  with  pheiiylhydrazin.  It  fermented  but  very  slowly, 
and  was  dextrorotatory.  There  may,  therefore,  have  l>cen  a  trace  of 
glucose  present  or  *onie  of  ihc  cane-sugar  inverteil  in  the  acid  urine. 
Tlie  urine  may  lie  concentrated,  Imiled  with  dilute  I  ICl  for  from  twciuy 
to  forty  minutes,  neutralized  with  sodium  bicarbonate,  after  which  the 
typical  tests  of  glucose  plus  levulose  ( polarization  therefore  zerol  may 

■be  otitained, 

^*  Acetone. — .\cetone  occurs  in  all  nonnal  urines,  the  niaxinumi  nor- 
mal amount  being  about  10  mg.  in  twenty-four  hours.  It  is  much 
increased,  according  to  V.  J.iksch  and  others,  in  the  following  con- 
ditions : 

( I )  Alimentary.  Acetone  is  increased  whcne\'er  the  carbohydrates 
of  the  <liet  are  limited.  It  is  always  incrca.sed  on  a  rich  pmtcid  diet  in 
normal  persons,  and  hence  during  hunger.  It  is  also  pnxluccd  by  a 
rich  fat  catabolisni.  but  it  requires  about  150  gnw.  to  infliience  the 
output. 

"Virchow's  Arch..  (887.  vol.  cvii,  p    108, 

'Bro«'0,  Jahn&  Hopkins  Hasp.   Hull-,  May.  1900.  p.  lOt. 
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{2)  Febrile  acetonuria.  This  is  the  most  common  pathological 
occurrence.  It  may  occur  with  any  fever,  even  light,  and  has  no  clin- 
ical importance. 

(3)  Diabetes.  In  this  condition  it  occurs  in  the  largest  amounts, 
and  means  an  advanced  or  long-standing  case.  It  usually  also  means 
a  severe  case,  yet  to  this  there  are  exceptions,  and  its  presence  need  not 
necessarily  mean  an  unfavorable  prognosis.  Yet  its  presence  should 
be  watched,  as  it  is  some  criterion  of  the  acidosis,  and  both  therapy 
and  diet  will  be  in  some  degree  determined  by  the  depth  of  the  test. 
More  than  5  gms.  may  be  excreted  daily.  Great  rises  may  follow 
slight  fevers ;  it  is  decreased  by  alkalies ;  it  may  be  reduced  by  adding 
carbohydrate  to  the  food,  and  yet  in  diabetes  its  output  does  not  depend 
alone  on  the  diet,  although  fat  may  yield  some.  In  diabetes  it  tends 
to  increase  toward  death  and  in  coma.  It  is  present  also  in  the  breath, 
giving  it  a  fruity  odor,  150  mg.  even  being  excreted  in  one  hour 
through  the  lungs. 

(4)  Carcinoma  cases  in  which  inanition  is  not  yet  present.  (5) 
Cases  of  inanition  and  cachexia.  (6)  Psychoses  and  lesions  of  tlie 
central  nervous  system,  especially  those  associated  with  starvation. 
(7)  Autointoxication.  (8)  Digestive  disturbances,  especially  gastric 
ulcer.  (9)  Chloroform  narcosis,  in  which  case  it  is  due  to  the  in- 
creased proteid  catabolism.  (lo)  Pregnancy  with  a  dead  fcetus. 
(11)  Certain  poisons:  e.g.,  phloridzin.  (12)  Extirpation  of  the 
pancreas. 

In  most  of  these  cases  there  is  little  doubt  that  its  source  is  proteid. 
Others  claim  (Schwarz)  that  it  may  also  be  formed  from  fats.  The 
immediate  mother  substance  of  the  acetone  is  probably  diacetic  acid. 

Acetone,  CH3COCH3,  is  a  thin,  colorless  fluid  of  a  specific  gravity 
of  .814  (at  o^  C),  and  a  boiling  point  of  56.5°  C,  with'  a  quite 
characteristic  odor. 

Tests. — The  urine  must  be  examined  fresh.  In  almost  all  acetone 
tests  the  distillate  of  the  urine  is  tested.  From  250  to  1000  cc.  of 
urine  are  used  and  a  little  acid,  preferably  phosphoric,  added  to  pre- 
vent foaming.  V.  Jaksch  advises  that  it  l>e  distilled  with  steam,  in 
which  case  no  acid  need  be  used.  A  good  cooler  should  be  used, 
especially  for  quantitative  work,  although  practically  this  is  not  neces- 
sary. Most  of  the  acetone  will  pass  over  in  the  first  10  to  30  cc.  Since 
diacetic  acid  is  split  nj)  to  acetone  the  urines  should  first  be  made  alka- 
line and  carefully  shaken  out  with  ether  which  is  alcohol-free,  if  it  is 
desired  fas  it  seldom  is)  to  excUuIe  this  body.  This  ether  extract  may 
then  be  shaken  out  with  water  and  the  latter  tested  for  the  diacetic 
acid. 

As  a  preliminary,  Lcgal's  Test  is  recommende<I,  and  yet  this  is  sat- 
isfactory only  when  large  amounts  are  present.     A  negative  report 
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should  never  be  made  unless  the  more  delicate  tests  are  tried  with  the 
distillate.  To  the  urine  or  distillate,  better  the  former,  are  added  a  few 
drops  of  fresh  concentrated  sodium  nitro-pnisside  solution,  and  then 
KOH  or  NaOH  until  very  alkaline.  A  ruby-red  color  is  obtained 
which  changes  rapidly  to  yellow.  The  test  thus  far  is  also  given  by 
creatinin,  hence  while  still  red.  glacial  acetic  acid  is  added  in  excess, 
and  if  acetone  be  present  the  red  color  will  change  to  a  purple-red,  later 
a  violet,  which  color-change  creatinin  does  not  give,  but  a  yellow 
changing  to  green  and  finally  to  bUie.  Paracresol  gives  a  reddish  yel- 
low solution;  acetic  acid  a  clear  rose  color.  It  is  given  by  diacetic 
acid  as  well.  In  place  of  KOH,  Le  Noble  and  Lee  used  NH^OH  to 
exclude  aldehyde. 

Gunning's  Test  is  very  satisfactory.  To  the  distillate  is  added  tinc- 
ture of  iodine  or  Lugol's  solution  (KI  1.8.  I  1.2,  H^O,  q.  s.  ad  30), 
then  ammonia  until  a  deep  black  precipitate  forms,  which  later  grad- 


FiG.  18. — Iodoform  crytoli  formed  from  the  dJitillAte  of  the  urine  of  m  caie  of  dubetei. 

ually  disappears,  leaving  a  yellow  sediment  of  iodoform.  This  sedi- 
ment is  recognized  by  its  color,  odor,  and  microscopically  by  the  six- 
sided  tablets  or  stars.  The  sediment  is  seldom  amorphous.  In  case 
of  a  trace  it  may  be  necessary  to  wait  twenty-four  hours.  If  necessary 
the  sediment  may  be  recrystalHzed  from  ether.  This  test  may  be 
applied  to  the  urine  directly,  and  is  perhaps  the  safest  clinical  test 
for  this  purpose.  Triple  phosphate  crystals  are  then  also  precipi- 
tated, and  must  be  recognized.  Gunning's  test  is  less  delicate  than 
Lieben's,  but  is  given  by  no  other  body  than  acetone.  It  shows  o.oi 
mg.  per  i  cc. 

Lichen's  Test. — To  the  urine  or  distillate  are  added  a  few  drops  of 
KOH,  and  then  Lugol's,  and  the  solution  warmed.  Crystals  of  iodo- 
form will  form.  This  test  will  show  o.oooi  mg.  in  twenty-four  hours, 
0.01  mg.  in  from  two  to  three  minutes.  It  is  the  most  sensitive  but 
less  specific  than  the  above,  since  alcohol  and  aldehyde  give  it. 
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Quantitative  Determination. — The  most  accurate  method  is 
that  of  Messinger,'* 

An  easier  and  very  satisfactorj-  determination  may  be  made  as 
follows : 

Fn.>ni  50  to  J50  cc.  of  urine  are  distilled  until  the  great  mass  of 
water  is  passet)  over.  To  the  end  of  the  tube,  which  should  have  a 
gt.i»>d  cvx^ler.  is  attached  a  rubber  tube,  the  end  of  which  dips  into  water 
m  the  receivings  tlask.     .\  little  acid  may  be  added  to  prevent  foaming. 

The  distillate  is  piiurcd  into  a  graduated  cylinder  with  a  ground 
glass  stiip|ier,  a-.i  excess  i  15  t''  -?o  cc.)  of  XaOH  added,  and  then 
JO  vx.  of  Lugol's,  which  is  cvinenienlly  made  three  times  the  ordinary' 
s;rvtigth,  ,\  hea\  y  black  precipitate  i\>mis  which  soon  clears,  leaving  a 
w;tow  sevliinent  of  iixKil\>rm  cri,-stals.  -\iier  standing  for  some  time. 
ten  tv^  tifteeii  niituites  or  more,  about  40  to  50  cc.  of  ether  are  added 
an-.^  :';e  :''.iiii  shaken  i>:it  imtil  tr.e  et!ier  o.>n:ains  all  of  the  iodoform.  A 
PdvUniT  :s  then  tiiaile  vf  tfie  volinne  of  e;her,  10  cc.  are  removed  in  a 
gTa^';:ated  pipette  af.vE  eiajviratevl  in  the  air  in  a  weighed  glass  dish. 
This  :s  then  drievf  o\er  s-.-.^pitaric  acivl  ami  the  dish  again  weighed. 
Th«  wei^t  ot  the  kxiof -rtii  iiiiiltipiie-'  by  0.147  equals  the  weight  of 
aoet.ii'.e  represe:::e.t  i:;  t''.e  r."M:ber  :"  cf-bic  centimetres  usetl.  That 
c:  the  wh.'le  e:her  exnac;  :ray  the:*,  be  reck'  r.ei. 

Diantic  Acid.  AcetoKdic  Acid.  CH^COCH.COOH.— This  body 
sh■.-u^.'  Ji.^»a^-^  Sr  ;es;ev:  iVr  ::•,  ^haSezes-  I:  •>  :h<  best  indication  of  a 
s«\Tere  icto.'-*:s.  Or.!y  a  tr^ce,  ::  :i"y.  is  rx-rrral  zr.  the  urine,  and  prob- 
ih."y  -.-.■.r*  :--  J.  Tv:\e'.  .;-<;  '.:  :r  :  ""  ".  ""y  ■'  her  acet  -e  is  present 
■  :  \;— s  ."--'.!-;>,  :;:: :-,:  .-.t-.i-i;-  s  :"<-  ^:--,-e  ::  .s  :'"«  n:- ^ther-suiistaiice 
■:  A,-«:;r.e,  :>  '  s:  . :  ;o.-.:-nr-:ci-i  -i  t'^a:  :  :h-e  'itter.  b'-Z  it  is  found 
— .TCi-  es'  -u-^"; ,  ^— ■,-£  ■;  ■;  -eax-  .:.■■-  e,is';.      >.  r.--  ■?;  cises  with  much 


fi   .:-^    :  ■;<•-:    -     '.:    <.-~.-'<    ■  ,■:;—;.-  ■:   ;--.  5;s:«?-~.i"y  ■■:  children. 

iu.eti-i.  ;•<-<■- J.   ■    :  ■■  -j;  ^  .— ■;-    ■.-.;  i-v.,~i:;'        i  ■"  esT  r  z^.i  Tebl>S*' 
;.,...,     .  .-^,.,,,^  .-    ..  ---^.,  ^.-,.^— -,;  ...   -.     -;  ;i  -j.ii^     :  i;-ii;ric  ulcer 

~~ti'f     ;  :  «"   '     -:;  ■  1:      •      ■  ■;::.i      ;r;-'  ■■.:    :-■;  ■:;•>:  ipreiring  in 

—■-,'■  "        t     -    ■;     ;     ,:.  -      ~i  .■  ■;   :     r        '.is   ir:s-  rrezitnient 

■ci'T's.  :.-        -k:  -.  c ^    -  --  r-  ."■; ;        :~-:^--  1^'  <  r:sciZy  :h<  mth, 

;---.  ",   •-■     .w.     -^   ,    ,;,^....  .  ..^,.  ^.^._  . -,    ^..   V--:  r-«;  :es::  age 

J..  .   ., — J. ,-...          .  ^^.^  iii^i'-f-  ;-  ■-.     -• 1  ,-i;'-;      7"'e  sLr::!>e  is  crrw  of 

.■:.-<-     "i;     ■:.'..-  r -.-i.- .:  m;\   .  .  .■:     -       -  ;r  ^"i-:  IS  ■-  Ili'netes 


(Gotla).  It  may  be  founil  in  the  urine  of  iiormni  men  who  have  tjc-cn 
for  some  days  on  a  pure  proteid  diet,  aiid  in  mental  oises  witii  lc>ss 
of  weight  and  inanition." 

Gcrhardt's  Test. — This  very  imporiani  te:st  is  l>e5t  applied  as  fol- 
lows :  To  lo  lo  50  cc  of  urine  arc  added  a  few  dro|>s  nf  FejCl,,  solu- 
lioii,  which  must  not  be  too  acid.  This  is  added  as  lou|;  as  a  precipitate 
forms,  and  then  the  urine  tillered.  To  the  lihratc  is  added  still  inure 
Fe,C'I«.  If  diacetic  acid  l>c  present,  ihc  urine  takes  on  a  IIor<Ieanx-rcd 
color.  chcrry-r«I  by  transniiited,  pnrple-red  hy  retU'cttd,  lijjhL  The 
test  indicates  from  0.4  tn  0.5  p.m.  of  diacetic  acid.  Cyanates,  Na,\c. 
&ahcylic  add.  its  allied  bodies,  salol,  aspirin,  diurctin,  and  certain  other 
bodies  also  will  give  il.  The  c<jti)rs  ohiaiiieit  arc  not  jnsi  the  same, 
with  strong  wihitions  not  at  all  similar,  yet  by  adding  various  amounts 
of  reagents,  exactly  the  same  color,  it  is  said,  can  Iw  produced,  hence 
the  test  «hoiilr(  always  Iw  controlled  by  Ixiilinj;  the  weakly  acid  urine 
and  repeating  the  test  after  the  urine  has  Iwcii  ciH>te<l.  The  red  should 
br  fainter,  since  the  diacetic  acid  has  in  |>art  been  dccrnn)inscd.  hut  tn 
boil  half  an  hour  will  not  break  it  all  up.  The  urine  may  he  acidified 
with  ItjSO,.  sitakeii  out  with  ether,  this  with  water,  antl  the  Ke-jCln 
added.    A  violel-retl  coti>r  is  seen  in  the  water  layer.    The  color  pales 

tin  from  twenty-four  tn  forty-eight  hours  on  standing,  a  necessary  part 
of  the  reaction  to  exclude  other  lKi<lies.  The  urine  should  always  he 
^sted  frcsl). 
»o. 
eci 


I 


RKRJct's  test  tiai  been  tnudi  criticised,  and  in  negative  nature  is  tinsatisfac- 
Tjr.     In  It*  laioi  modtlication  "  15  cc.  «f  urine  arc  mixed  wiUi  2  cc  of  10  per 
cent  Joduiiire  and  ,t  cc.  of  cliloroform  and  shaken      If  diucriic  acid  t>e  present. 
the  chloroform  rcmaint  c»lorlexi.  nihcrwi^e  it  tntcei  tip  a  violet  ciilcii." 


^-Oxybutyric  Acid.  CHjCfiOHCHjCOOH.— This  is  the  mother- 
[Sultsiaiu'e  of  ilincelic  acid  and  hence  of  acetone.     It  may.  therefore,  be 
1ooke<l  for  when  diacetic  acid  is  present  in  targe  amounts,  but  not 
necessarily  found,  since  it  breaks  up  to  diacetic  acid  and  acetone  so 
rapidly.     Its  list  of  occurrences  is  the  .same  for  acetone  e.sccpt  it  is 
found   much  more  rarely.     This  acid  ocairs   in   the   urine  of  non- 
diabetics:  scurvy,  severe  infectious  <liseases.  starving  insane  persons, 
but  these  arc  all  in  nialnittrition.    (lerhantt  has  shown  tlwt  it  is  present 
in  the  urine  of  a  noniial  man  after  some  days  on  a  pure  proteid  ilict 
about  0  gnis.  in  Hvcnty-four  hours  were  found)."*    This  acid  is  of 
xlreme  importance,  since  to  its  acid  intoxication  (a  better  term  is 
Ikali  starvation)  is  attribnte<l  the  coma.     If  it  once  licgins,  the  len- 
iency is  for  it  to  incrcjisc :  often  about  50  gms.  a  day  arc  cxcr<^ 

*  Sec  alio  FiiKlicT,  Med.  Newt.  Oclolwr  8,  1904. 

"Zeitichi.  t.  Win   Med.  1004.  Ud-  S4- 

"  V"'  criiicism.  «ee  \'i>Ui>lin).  Zcitschr.  f,  kliii.  Med,  190.1.  Rd.  j* 

"Ctrlufdi  and  SehleiinKcr.  Arch    f.  cxp   Path.  11.  Pharp 
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in  one  of  Naiinyn's  cases  lOo  giiis.  a  day  for  a  long  time.  Whether 
oxyliiityric  acid  is  toxic  alune  because  oi  its  acid  nature  or  has  a 
si)ccific  toxicity  is  in  donbt.  the  Sirassbiirg  school  holding  the  lormer 
idea,  Wilbur."'  from  animal  cxjwriniems.  injecting  ihc  neutralized 
acid,  found  the  results  similar  to  those  of  the  free  acid.  He  rvniarks  j 
that  the  alkaline  treatment  is  nut  as  satisfactory  in  coma  as  one  would  | 
expect  fntiu  theoretical  grounds.  Larger  anjounts  are  rqjoned — even 
188  gins,  in  twenty-four  hours  { Magnus-Levy )  ;  Kiilz.  225  giHs. ;  and 
Joslin's  case,  437  gms.  in  three  days, — i.e..  3  gnis.  per  1  K  jwr  day. 

This  acid  is  Ucvorotatory. — [aj^  ^ — 24,12°.  Its  presence,  there- 
fore, is  possible  when  the  percentage  of  sugar  measured  with  the 
polariscape  is  less  tlian  that  by  titration.  The  presence  of  other  Isevu- 
rotatory  bodies  should  always  be  considered,  levnlose.  paired  glycuronic 
acid  coiniKJunds,  albimiin,  etc. 

Detect  TON.— It  is  probably  present  if  the  fermented  tirine  of  a 
diabetic  shows  some  laivorotatory  l>ody.  It  Is  quite  surely  present  if 
to  the  fernicnted  urine  be  added  phosphoric  acid  and  it  then  extracted 
with  ether  and  the  extract  be  laevorotatory. 

The  nrine  may  be  fermented,  evaporated  to  a  syrup,  and  an  equal 
amount  of  concentrated  II^SO,  added.  This  is  then  distilled  directly, 
and  crotonic  acid  is  obtained.  The  distillate  cooled  gives  Ifeautiful 
crystals  with  a  melting  point  of  72*^  C.  I  f  these  crj-stals  do  not  readily 
form  the  distillate  may  be  shaken  out  with  ether,  the  ether  cvaporatet^H 
the  residue  washed  with  water  and  allowed  to  crystallize.  ^M 


QuA>TiTATiVE  DEruMtNATioK,— Tlie  methods  proposed  for  (l«iennininc  ihii 
•cid  Hre  «eveta1.  A  goad  clinical  mcihud  i>  the  difference  between  potaruatiod 
and  titration.  Both  niuM  Ik  accuratcb*  done.  Thii  ii^  the  beM  iiicttiod,  and  in 
all  severe  caie*  i*  well  worth  the  lime."  Olheri.  Schw'ani.  f.j,,  compare  the  result 
with  LL>1iniiern's  fermeiiution  uccliaromrier  with  the  palariscope.  An  easier 
method  ii  the  polariitaiion  of  the  fcrmcnicd  urine.  1'hc  IxvoroUtion  inuii  remain 
adtr  the  urine  hu»  been  cleared  wilh  basic  lead  acetate  and  anmioriia.  There  is 
no  ccrininiy  that  no  acid  in  deitroyed.  The  method  itEted  by  Magnut-Levy  of 
dciennininK  all  uf  t)ic  inornaiiic  acids  and  all  of  the  bascK.  and  ^uppo«lne  the 
difference  to  be  due  chiefly  to  ihi.i  organic  acid,  nrnit  have  been  exceedinsly 
laboriujii  iinil  docs  imt  seem  particularly  MHisfaclory. 

HcrgcH  *'  recommend*  the  following :  From  100  to  .joo  cc.  of  urine,  fennented 
if  gtucwc  be  procni,  are  made  weakly  alkaline  with  soditim  carbonate  and  ev-apo- 
raicil  on  a  bntli  to  a  tynip,  Thi*  i»  then  cooled  and  the  residue  rubbed  up  with 
pliotphoric  acid,  i.-i.>u1in|c  it  meanwhile,  then  with  20  to  30  gms,  of  {u<ed  finely 
pulveriaed  C11SO,  and  so  lo  25  gm*-  of  fine  .land.  Thh  mau  is  well  mixed  The 
dried  mass  is  then  pni  in  a  paper  sac  i>f  the  Soxhlci  ether  extraction  apparatns 
and  extracted  with  ether  (which  ha»  been  freed  from  water  by  the  fused  CuSO.1 
(or  one  hour  Ii  is  the"  filtered  and  the  CiiSO.  washed  out  with  dried  ethet-  The 
ether  i»  then  diitilled  ofT.  the  resi<liie  taken  up  by  »  ce.  o(  water.  deci>loriz«d  with 
animal  charcoal,  and  polnriicd. 

"Jour,  .\m.  Med,  .Awoe.,  igoj.  No.  ij. 
"Sec  Pavy,  Lancet.  lOOi.  pp.  64-1  jj.  307,  347. 
"Zeitwhr,  i  phys.  Chem-  igoi,  xxxiii.  310. 
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The  following  h  the  mcilmd  iiscil  in  die  StcaMbutg  clinic  for  (he  isolation  of 
this  acid.  Abuut  400  cc.  of  urine  arc  evnporalcil  lo  abnul  100  ec.  This  i*  roughly 
Mturatcd  with  lXH.).SO.,  and  cvapi>raie(l  10  (w  •;>.■  The  (SH.JiSO.  renioi-e* 
ih«  atbuniin.  some  of  the  coloring  mailer  of  the  nrinc.  anil  the  coneeni  rated  tolu- 
tion  oi  uliD  ix  nf  advaiiUge  since  oxybutyne  acid  is  much  more  fallible  in  water 
than  in  ether.  When  perfecity  cool.  Jt  is  filtered,  li  it  then  mai3c  iitungly  aci<t 
with  HiSOi.  pUetd  in  a  liire  flAt>l<  nearly  filled  with  ether  and  shaken  violently  _ 
for  about  ten  lo  fifteen  niimites.  Afler  itaniliiiK  iinlil  ihe  itrine  it  seliled  and  fl 
the  ether  »(>luii(>n  gf  the  oxybutyric  acid  is  nearly  clear.  Ihe  eihcr  li  poured  into  ™ 
■  Mparalint:  funnel,  and  in  half  an  hour  or  leM  JO  cc.  of  diililkd  water  are  added, 
and  tbc  fluid  shaken  violently  Icn  minutes.  Thi«  will  remove  ionic  of  the  HiSOi 
a»  well.  The  water  n  allowed  to  «paraie  (or  thirty  miniiies.  This  wash-waier 
i«  sarcd  for  the  follou-iiig  clhcr  exiraciioiK.  Tlic  clhcreal  exlraec  h  preserved  in 
a  laritc  tia&k.  The  orininal  urine  is  ajiain  extracted  in  the  same  uay  and  this 
ether  extract  washed  wiih  ihc  same  wash-water,  and  added  to  the  above.  This 
jwoceis  is  repeated  at  least  live  limes,  the  ether  extracts  after  washing  with  thi» 

Iume  u-aih-water  being  combined.    This  wash-waier  after  each  ether  e.vtraci  will      ^ 
contain  less  of  ihe  oxybniycic  acid,  Ihe  most  going  to  ihe  ether,  and  may  be  finally      fl 
thrown  away.    The  united  elher  e.\tracl*  arc  then  diiillkd  at  60'  to  jo°  C.  until      ' 
all  of  (he  ether  has  passed  over     In  ihc  residue  is  the  oxybuiyric  acid.     Thin  i» 
transferred  to  a  porcelain  diih,  Ihe  distilling  ilask  washed  with  cilier.  and  ibe 
rmidiK  ni  this   when  evaporated  added   in  the  above     A   Utile  distilled  water 
i*  then  added,  which  catises  a  slight  cloudiness  dtte  to  hippuric  acid.    The  soluiioo      ^ 
1^  then  allowed  to  stand  ai  24*  C     ll  is  filtered,  using  a  knifepoini  of  salicylic      ■ 
«ctd  lo  clarify  it.  until  clear.     Il  is  washfd  wilh  distilled  water,  and  the  final  volurae       ™ 
btnnght   lo  j5  ce.     Tlie  angle  of  polariiaiinn   is   then   deirrmincd.   luing  a    1-   or 
»-iIecinKlre  lube      In  a   i-decimctre  tube  lojn  =—^4.16*      The  rotation  deter- 
miiKd  by  Ibis  will  give  the  perccniage  of  acid  in  the  original  amount  of  urine. 

Ten  ec.  of  the  lolulion  uied  in  polariralion  may  be  titrated  with  fiflh-nonnal 
NaOH.  living  phcnolpbihalriii  a<  indicator.  The  number  of  cubic  centimetres 
Decenary  multiplied  by  0.104  equals  the  number  of  grammes  of  oxybuiyric  acid 
in  to  <«. 

Darmtiadter '  proposes  the  following  method :  To  too  cc.  of  tirine  is  added 
enmigh  toda  to  make  it  weakly  alkaline.  It  is  then  evaporated  on  the  water-hath 
almost  to  dryness,  and  the  reiiduc  is  washed  by  150  to  300  cc.  of  50  to  53  per 
ccni.  HiSO.  into  a  i-litre  flask.  This  fiask  is  ihcn  connedcd  with  Ihe  ciolcr  of 
a  distilling  apparatus.  Through  the  cork  of  the  flask  also  enters  a  dropping 
ftmncl  The  flask  is  just  heated  by  a  small  flame  uniil  fuaining  ceases,  then 
MTongty.  water  added  little  by  Mile  from  the  funnel  av  it  distils  away,  until  300 
to  3Sa  cc-  of  distillate  have  collected.  This  will  take  from  two  lo  two  and  one-half 
hMiTS  The  distillate  is  shaken  out  two  lo  three  times  with  clhcr.  the  elher 
residue  heated  a  tew  minutes  on  a  fand-hath  al  160°  C  to  drive  off  the  falty  acidN. 
dissolved  in  50  cc.  of  water,  filtered,  and  the  watery  rxirnci  of  eroionic  acid 
titrated  with  lenlh-normal  NaOH,  using  phenolphihalcin  as  indicator.  One  bun- 
dred  cc  lenih-normal  NaOH  =  085  gms,  erotonic  acid.  The  amount  of  eroionic 
acid  muhiplied  by  i.3t  equals  amount  of  oxybulj'rlc  acid,  hence  100  cc  NaOH  ^ 
1XM06  gms.  oxybiityrle  acid 

Boekclman  and  Bouma  *  propose  ihe  following  siniple  method : 
To  as  cc  of  urine  in  a  flask  are  added  is  ce.  of  la  per  ceni  NaOH.  then  35  «. 
of  bcn»oykhloride ;  the  flask  is  corked  and  shaken  hard  under  cold  water  for  three 
minutes.  The  clear  fluid  is  then  pipetted  off,  filtered,  and  polarlied.  Tbc  bcnioyl- 
chloride  will  clear  tbe  urine  of  carbohydrates,  albumin,  etc..  leaving  the  acid  the 
only  l»«orotaior>'  body. 

Diabetes  Mellituft. — The  urine  in  diabetes  mellittis  is,  a.s  a  rule,  in- 
cTTcascd  in  amotitit.    Tliis  increase  is  often  not  marked  iiiilcss  there  is 

"Zeitschr.  f,  phys  Chem.,  xxxvii    p,  355. 
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over  2  to  3  per  cent,  of  sugar,  beyond  wliich  paint  it  is  roughly  pro- 
portional lo  the  amount  of  glucose  present.  In  severe  cases,  that  is, 
with  5  per  cent,  of  sugar  or  nicire,  there  may  be  from  4  to  5  litres  of 
urine  and  even  10  litres,  whereas  one  case  is  on  record  with  28  litre* 
in  twenty-four  hours.  On  the  other  hand,  there  arc  cases  with  a  htg^i 
percentage  of  sugar  and  small  amounts;  two,  for  instance,  rejioncd 
by  Naunyn,  the  one  wiih  1400  cc.  9  per  cent,  of  sugar,  s|R;cific  gravity 
1040 :  a  scc<md,  .i/OO  cc,  10.5  per  cent,  of  sugar,  specific  gravity  1047. 
In  oilier  cases  the  reverse  is  true,  but  this  is  rare  excqn  in  those  cases 
following  injury  to  the  skull,  in  which  during  the  day  the  specific 
gravity  may  be  as  low  as  loo.^  with  1  per  cent,  of  sugar  ( Naunyn *s 
case) :  also  in  beginning  chronic  interstitial  nephritis,  and  when  the 
patient  is  verj'  weak. 

The  urine  has  a  high  sf>ccific  gravity,  this  l»cing  a  condition  with 
a  high  specific  gravity  and  an  increased  amount  of  urine,  but  Ihe 
specific  gravity  bears  little  relaiinu  m  the  latter.  It  is  usually  1030  lo 
1040.  Naunyn's  tnaxiniuni  was  lofjo.  and  he  mentions  a  case  rejwrtcd 
with  1074.  With  a  si>ecific  gravity  of  1030  there  is  almost  always  a 
diuresis. 

The  sugar  is  glucose,  yet  le\'uIose  and  pentose  and  other  carbo- 
hydrates are  alsD  present :  in  rare  cases  levulose  alone.  'Iliere  is  an  in- 
crease also  of  the  iiiift-rmnititblr  carbohytinttcs  la  niininnim  of  20 
gins,  instead  of  i.h  gins. :  nonnal  niaximuni-  5  gnis.  per  day)."" 

The  urine  is  of  a  suggestive  pale  Kreenish -yellow  color.  It  will 
ferment  s]H>ntaneously,  the  fermentaiinn  rcsiihing  in  the  ev<ilutinn  of 
COa  and  a  sediment.  Tins  fermentation  may  (Kcur  in  the  Madder 
and  a  sugar-free  urine  he  excreted ;  again,  the  fenneiuation  may  give 
no  gas. 

In  testing  the  urine  qualitatively  for  glucose  it  is  important  to 
choose  the  right  specimen.  In  a  severe  case  with  sugar  present  at  all 
hours  this  is  nnt  impnriain,  hut  in  ihose  mild  cases  with  a  very  slight 
output,  and  for  only  a  few  hours  after  a  rich  carbohydrate  meal,  the 
sugar  solution  may  in  the  whole  twaily-four  hours'  specimen  be  so 
dilute  that  it  escapes  notice,  wliile  if  the  urine  voidcfl  from  two  to 
four  hours  after  a  heavy  carbohydrate  meat  be  cxamineil  the  test  is 
clearly  positive.  It  is  well,  therefore,  to  recommend  to  a  siifpected 
case  a  carbohydrate  meal,  preferably  a  breakfast,  .ind  examine  the 
urine  voided  four  to  six  hours  later.  It  has  been  found  that  the  nuxi- 
mum  excretion  is  in  the  late  forenoon,  even  when  the  ingestion  of 
carbohydrates  extends  over  the  whole  day.  Tlicrc  is  another  maxi- 
mum, somewhat  less,  in  the  late  afternoon.  Naunyn  teaches  that  cases 
must  be  separated  according  to  the  percentage  of  the  sugar  excretion, 
the  ■'  intensity,"  and  to  the  total  amoimt  of  sugar  excreted  in  a  day, 
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ihe  ■'  size."     Cases  can  be  compared  in  this  way  only  when  on  a 
constant  diet. 

'In  cashes  with  excretion  contiiutuus  a  inininnini  ucciirs  late  at 
ntghl  and  early  in  the  moming,  a  maximinu  laic  in  the  forenoon 
anil  at  alxnil  6  p.m.  In  severe  cases  ihc  variation  is  little  marked  and 
much  nu>re  may  he  excreted  dnhng  the  nlK'U  than  durinf;  the  day 
(rK>te  resemblance  to  Ilic  excretion  of  water  and  si>Vi'.h  in  nejiliritis). 
In  llie  light  cases  tlie  nrinc  may  l>c  sugar-free  during  the  night  and 
■  even  reach  ,i  ]>er  cent,  during  the  day.  Some  cases  will  he  sugar-free 
"  for  mrmths  sikI  then  have  periods  of  glycosuria.  It  is  Ihns  seen  that 
the  mild  cases  may  easily  he  ovcrlo<il<e<l  in  case  hut  one  specimen  is 
examinwi.  The  onlput  is  greater  in  hot  than  in  cold  weather,  true 
also  of  the  carlx)hydr3te  of  normal  urine,*. 

Tlic  amount  of  sugar  per  day  is  often  Soo  gnis.,  and  in  one  case 
'500  gins,  in  twenty-four  hours.  Sncli  outputs  occur  only  when  the 
(naiicnt  is  on  a  liheral  diet.  On  a  strictly  proteid  <liet  cases  excrete 
seldom  over  100  gms.,  very  rarely  joo  gms. 

As  r^ards  the  relation  hctwcen  water  and  glucose  excretion,  dia- 
betics resjioud  to  an  increased  intake  more  slowly  than  do  normal 
people.  In  general  it  may  lie  said  that  the  water  excretion  (ic|)cnds 
«|xjo  the  glucose.  althnuj;h  this  is  not  trnc  of  the  day  and  night 
variations. 

InHtifttcc  of  Diet. — The  output  is  increased  hy  a  carbohydrate  diet, 
especially  dextrose  and  the  polysaccharides  of  this.  It  is  les.s  inHiicnced 
by  Icvtdosc,  lartosc,  and  their  polysacch.iridcs.  The  .starches  of  potato 
and  oatmeal  seem  very  well  borne.  If  levulose.  for  instance,  he  fetl.  the 
sugar  excreted  is  glucose,  and  yet  n  diabetic  standa  levulose  quite  well 
for  a  day  or  two,  not  longer.  Lactose  and  cane-sugar  are  similarly 
treated.  Fat  anises  no  increase.  Proteid  causes  a  slight  increase.  In 
severe  cases  the  output  also  varies  with  gasiro-inteslinal  ironhles,  which 
are  so  aimmon  in  dial)ctics  and  which  may  prevent  .nlworption  of 
sugar.  Muscle  \vork  decreases  it.  and  psychical  influences  increase 
it  much  or  bring  a  latent  case  to  light,  such  as  fright,  menial  strain. 
or  worry.  Hence  in  di.-ihctics  a  peaceful  mind  is  one  of  the  essentials. 
Mendel  ami  Lusk  "'  f<mnd  on  a  constant  |m>teid-fat  diet  the  constant 
ratio  of  glucose  to  nitrogen  of  3.65:  i.  that  is.  the  same  as  in  the 
phU>rid7.in  dialKrtcs  of  dogs. 

They  recommeiKl  l1ii«  ax  n  method  nf  proK"*)*)*  I'^c  patient  is  ptit  on  B 
nteat-fat  diet  (rich  rrcHm,  meat,  binicr.  ami  fsxs).  hik!  iIic  twcnty-fotir  hour  urine 
of  ihr  tecond  da;  1%  mllcciRd  ( ilie  day  ending  in  incUulc  ihc  early  morninff  urine). 
If  N  ■-  |[hKO«e:;  I ;  ,1.65,  it  nicati-  the  Crtniilcte  iiH4>lcraii«-  fnr  carbnliydmtn  and 
probably  a  quickly  Caul  (inicnmc. 

Intensity  of  Glycosuria. — On  a  rich  carbohydrate  diet  the  percent- 
"  Deutsclici  Arch.  f.  Idiii    Med..  1904.  vol,  Ixxxi. 
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age  rarely  exceeds  6  to  8  per  cent.  Naunyn  mentions  a  case  of  1 1  per 
cent.,  while  others  a  case  of  20  per  cent. 

The  effect  of  acute  infections  is  particularly  interesting,  since  in 
pneumonia,  for  instance,  there  is  a  remarkable  diminution  in  sugar 
output  with  even  an  increased  tolerance  to  carbohydrates,  hence  not 
due  to  the  diet,  this  effect  beginning  witli  the  rise  of  temperature. 
The  explanation  is  not  known.  On  the  otlier  hand,  the  sugar  may  be 
increased,  or  in  a  case  during  an  intermission  be  present,  only  during 
the  fever,  hence  the  statement  that  the  complicating  disease  has  been 
the  cause  of  the  diabetes. 

Chronic  diseases  tend  to  diminish  the  sugar  output;  for  instance 
tuberculosis  of  the  lungs,  nervous  diseases,  circulatory  disturbances 
with  albuminuria,  and  nephritis.  In  some  cases  the  glycosuria  wholly 
disappears,  and  hence  cases  are  reported  as  cured,  especially  claimed 
for  Bright's  disease.  This  is  not  due  alone  to  the  diet,  since  the 
tolerance  to  carbohydrates  is  also  increased.  Xeither  is  it  due  to  the 
kidneys,  since  the  percentage  in  the  blood  does  not  increase.  It  may 
be  due  to  the  cachexia  sometimes  present. 

The  sugar  output  is  subject  to  spontaneous  fluctuations  of  con- 
siderable amount,  even  100  per  cent.  These  cannot  be  explained  in 
any  way  except  as  variations  in  tolerance. 

Severity  mid  Tolerance. — A  light  case  is,  according  to  Naunyti, 
one  which  can  eat  daily  60  gins,  of  bread  and  remain  sugar-free  for  a 
long  time.  By  "  paroxysmal  tolerance"  he  means  one  that  can  stand 
considerable  carbohydrate  and  be  almost  sugar-free,  and  yet  which  it  is 
impossible  to  rid  of  that  last  trace.  These  are  severer  cases.  The 
old  rule  that  a  light  case  was  one  which  was  sugar-free  on  a  strict  diet 
will  not  hold,  since  even  a  proteid  diet  is  not  sugar-free  and  severe 
cases  may  keep  sugar-free  fur  stmie  time,  and  yet  it  be  expensive  for 
the  body.  There  is  a  constant  tendency  for  a  large  glycosuria  to 
increase,  and  the  greater  the  glucose  output  the  weaker  becomes  the 
tolerance.  The  slight  glycosurias  tend  to  diminish.  This  tolerance 
suffers  more  from  large  amounts  of  glucose  at  one  time  than  from  the 
same  amount  in  divided  portions.  The  reverse  is  also  true  that  toler- 
ance is  increased  by  a  brief  period  of  very  .slight  excretion  more  than 
by  a  longer  period  of  moderate,  hence  in  treating  a  diabetic  the  value 
nf  the  "  hnnger  day,"  during  which  by  a  total  fast  the  patient  is  sugar- 
free  for  twenty-four  hours,  anil  on  the  following  day  he  will  often  be 
able  to  stand  without  any  glycosuria  an  amount  of  bread  which  pre- 
viouslv  would  have  caused  a  marked  rise. 

A  case  of  transitory  "  diabetes"  with  acidosis  is  reported  by 
^^ann  "-  which  lasted  sixteen  days,  then  disappeared  even  though  much 
sugar  was  consumed. 

"  Berl.  klin.  Wochenschr..  1904,  No.  30. 
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Coma  and  .^cuiosis, — By  "  aciil'isis"  Xaiinyii  meant  tli«  produriiDii 
in  ihc  body  Ijy  <li^tiirbe<l  inctaboli^iii  ul'  acids  ni  abivmiial  aiiujiuits 
suflicient  sonwtinKS  to  cause  aii  acid  imoxication.  or,  better  cxjjressed, 
an  alkali  starvation,  resulting,  it  i^  believed,  in  the  diabetic  coma, 
I  The  urinary  syniptoiiis  oi  acidosis  arc  tbe  ai)|>carancc  of  large  annnmts 
>f  acetone  or  diacctic  acid,  and,  in  severe  case«,  oxybutyric  acid,  prob- 
ibly  ibe  motber-substance  oE  tbe  others,  Tbe  prodnction  of  thcie 
lies  is  not  cbaracicrisiic  of  <Iial)cEic  disturbances  of  metabolism. 
\%\n<x  a  normal  person  on  a  sugar-frcc  diet  will  in  a  few  days  jiroduce 
Ihcm  all.  In  dial>eticft  there  may  be  from  20  to  30  gvit^.  of  nxybutyric 
acid  excreted  daily  for  years..  When  an  acidosis  once  licgins  tlic  ten- 
<lency  is  for  it  to  increase.  It  is  increased  also  by  a  rigid  <liet :  when 
Ihc  strict  dict.Try  ireatnient  of  diabetes  was  first  practised  tlie  clinicians 
were  suqirised  at  the  numlicr  of  cases  of  coma,  which  resulted  since 
the  already  |>artially  poisoned  organism  was  further  burdened  by  an 
increase  due  to  diet :  hence  the  vahie  •>(  nw1<iiig  the  p.ntients  sugar-free 
by  rapid  re<luction  rather  than  a  reduction  in  carbohydrate  cxtemling 
over  a  long  period  of  time.  As  coma  comes  on  there  is  usually  a 
sudftcn  rise  in  these  acid  bodies,  coma  being  preceded  hy  days  or  even 
months  with  a  daily  output  of  20  gms.  or  more  of  oxybutyric  acid, 
but  the  output  of  25  gins,  indicates  oncoming  coma  (Herter).  The 
g^atcst  i^crc.^.se  follows  the  improvement  in  coma,  for  it  is  nni  the  acid 
in  tile  urine  which  causes  the  trouble,  but  the  acid  which  has  not  been 
excreted.  The  presence  of  acidosis  means  usually  a  severe  case,  or  at 
least  an  advanced  case  in  which  emaciation  has  begun,  and  yet  the 
roiwlition  may  exist  for  years.  Patients  with  nnich  acidosis  die  of 
coma  unless  from  some  intercurrent  disease,  and  there  is  no  case  of 
trite  coma  yet  studied  without  a  previous  acidosis.  The  amount  of 
these  bodies  is  perhaps  Utter  e^tiniated  by  the  annnonia  output  than 
by  Iheir  direct  determination,  since  the  symptoms  are  caused  by  a 
withdrawal  <if  the  body  alkali  which  the  ammonia  protects.  ,'\n 
increase  of  ammonia  means  the  presence  of  at  least  10  gms.  of  oxy- 
butyric acid  per  day, — a  marked  increase, about  1  j  gms„4  gms.of  NH, 
imiicating  16  gms.  of  the  acid  f  Hcrtcr) .  Naunvn  considers  that  over 
3  gms.  of  ammonia  per  day  means  danger  of  coma,  and  that  if  4  gms. 
[ler  day  are  e.xcreted  coma  is  sure  to  result  unless  alkaline  treatment  is 
iwgun  at  once,  an<I  then  the  end  is  only  <lclaycd.  Coma  was  the 
terminal  event  of  18  of  Naunyn's  44  fatal  cases,  the  most  of  them 
ynmg  persons  from  twenty-one  to  thirty  years  of  age, 

A  sign,  sometimes  imimrtant.  of  coma,  seen  well  in  many  cases 
and  in  one  of  ours,  is  the  appearance  of  large  numbers  of  granular 
casts  giving  a  gross  sediment.  This  may  appear  with  the  coma  or 
give  warning  twenty-four  hours  in  advance  fKiilz  sicrn,  page  266). 

Among  the  other  urinary  symptoms  in  diabetes  is  an  increase  in 
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the  ompiiis  of  tlie  creatiiiiii  (even  2  piK.  i\.  d.).  uric  acid,  phosphoric 
acid,  and  sulphuric  acid.  In  all  of  lli&ie  conditions,  however,  the 
increase  is  due  to  the  diet  and  not  to  the  disease.  Oxalic  acid  is  also 
increased,  especially  as  the  sugar -disappears  (cveii  1.2  gms.  per  day). 
The  nninial  jrinn  uf  Laiidwehr  is  much  increased. 

Albumin  is  fpiite  often  present.  In  Naunyn's  cases  of  pure  dia- 
lictcs  32  of  94  had  alhuminnria.  17  nf  whom  showed  occasional  traces. 
6  lonu-standinR  traces,  and  10  much  albumin.  Ruling  out  those  case* 
in  which  the  alhunitiniria  is  iIuj:  to  complicating  diseaM»,  N'aunyn  con- 
siders that  there  is  a  certain  relation  Ijctwccn  diabetes  and  albunnnuria 
resulting  from  the  cITcct  of  glycosuria  on  the  kidney.  On  the  oilier 
liand,  it  is  interesting  that  as  a  case  of  chronic  nephritis  devel*^.  tlw 
glycosuria  gradually  disappears,  and  hence  cases  of  the  so-called 
"  cures,"    In  some  cases  the  glycosuria  and  albuminuria  may  alternate. 

Diabetes  Insipidus — The  cases  from  this  clinic  were  recently  re- 
ported by  Futclicr  in  the  Johns  Hopkins  Hospital  Rcjiorts. 

This  is  a  very  rare  condition.  Futclier  rqiorting  from  this  clinic 
but  four  cases,  or  0.001  per  cent,  of  admissions,  h  occurred  particu- 
larly in  young  men.  Jacobi  considers,  however,  that  fully  25  per  cent. 
of  the  cases  arc  in  children  under  ten  years  of  age.  The  cases  may  be 
divided  as  primary  or  idiopathic,  which  cases  have  no  known  le.<)ion. 
and  the  .uxondary  or  syinf>totiiatic.  Such  cases  arc  the  result  par- 
ticularly of  tuirors  of  the  base  of  the  brain,  trauma  or  hemorrhage,  hies 
of  the  brain,  and  basilar  meningitis.  It  is  also  symptomatic  of  certain 
diseases  of  the  alKlominal  viscera  and  of  die  spinal  cord.  There  is  a 
polyuria  sometimes  present  in  the  psychoses,  particularly  hysteria,  epi- 
lepsy, and  chorea,  which  in  some  cases  would  suggest  diabetes  in- 
sipidus. 

Polyuria  is  the  only  necessary  symptom  of  the  disease.  Fmni 
20  to  40  litres  may  be  voiiled  in  twenty-four  hours,  and  in  one  case. 
43  litres.  In  two  cases  of  chihlrcn  the  amount  voided  daily  w.7S 
almost  equal  to  the  boily  weight.  The  urine  is  \m\c.  watery  in  color, 
faintly  iicid  in  reaction,  and  of  exceedingly  low  s^jecific  gravity — ^froni 
1000  to  1005.  (It  is  exceedingly  important  in  this  disease  that  the 
temperature  correction  in  the  specific  gravity  determination  be  care- 
fully made.)  In  other  cases  there  may  be  a  polyuria  with  a  nonnal 
specific  gravity;  e.g.,  6  litres  and  1017.  ,\lbuniinuria  and  cylindniria 
are  aljseut.  this  absence  imlccd  being  the  important  point  to  rule  out 
chronic  interstitial  nephritis.""  Sugar  is  also  absent,  and  yet  there  are 
^ses  of  dialwtes  insipidus  which  will  develop  into  diabetes  mellilus, 
Und  iiVc  1'rr.fa.  Brackctt's  case"*  began  with  sudden  onset  as  poI\^l^ia 
following  mental  shock,  and  just  before  death,  seven  months  later,  the 

"Sec  niaikic'*  caw,  Lancet.  1904. 
"Lancei.  1699,  N'o.  35. 
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specific  gravity  rose  from  1002  to  1006  Id  1026  ami  mtich  siijpir 
appeared.  One  iiilere>ting  thing  which  has  attracted  considerable 
alicnttoii  is  the  fact  lliat  certain  patients  will  void  an  amount  of  urine 
in  excess  of  the  water  ingested.  For  instance,  in  one  of  FiUchcr's 
cases.  \-er\'  carefnUy  studied  l)oih  as  regards  the  nicasnring  of  the  fluids 
ingested  and  Ui.it  of  the  urine,  and  in  which  tlie  pautiu  w.is  carefully 
watched  to  avoid  any  errors,  the  urine  exceeded  the  intake  of  fluids, 
even  inclu<!i»g  the  water  conteni  of  the  solid  f<xMl.  hy  an  amount 
v.irying  from  400  to  6355  cc.  per  day.  .And  iliis  continued  for  a  long 
tinic. 

The  urea  may  reach  80  gms.  jwr  <iay  or  more.    This  is  due  to  the 
ici.  such  cases  having  an  cnorinons  appetite;    in  other  cases  it  is 
diminished.    The  sodium  cliloritlc  and  phosphoric  acid  output  is  nor- 
L^)al.  sometimes  slightly  incrcised. 

^m      Inositc  is  occasionally  found.    This  occnrs  in  nonnal  persons  with 

^Kwlyuria  resulting  in  the  drinking  of  large  amounts  of  water,  and 

^Tience  has  no  importance,  it  prohahly  being  the  inositc  washed  out 

from  the  muscles.    The  total  carbohydrates  are  not  increased  (  Kdsall. 

Alfthan). 

Many  believe  thai  a  condition  of  bradyuria  exists,  that  is.  that  the 
fluid  ingeste<I  causes  an  increased  nrine  output  more  slowly  and  the 
increase  lasts  longer  than  normal."* 

Glycuronic  Acid.  CHO(CHOII),COOH.— Glycuronic  acid  is  an 
intcrnicdialc  product  of  glucose  uicialjolism,  and  appears  only  when  it 
is  saved  from  further  oxidation  by  union  with  some  txidy  with  which 
I      i(  can  be  conjugated,  a*  camph<»r.  or  substances  arising  in  the  boily  as 
i     indoxyl.  skatoxyl.  paracrcsol.  phenol,  et  al..  ur  certain  nitrogenous 
^kombinations.  as  uraniidoglycuronic  acid.     It  occurs  in  amounts  less 
^than  25  n)g.  per  100  cc.  but  its  amount  varies  with  these  t>thcr  bodies. 
'      and  hence  its  variations  arc  accidental  so  far  as  it  itself  is  concerned. 
'      The  acid  crystallizes  with  phenylhydrazine  in  beautiful  needles  whose 
melting  point  is  1 14"  to  115'-  C.  hut  free  acid  dws  not  occur  in  the 
urine.     It  has  the  rc<!ucing  properties  of  glucose  for  Cu.  Bi.  and  .\g. 
reducing  co|)1«t  a^:  well  as  glucose.     It  does  not  ferment.     With  IICl 
and  phloroglncin  or  orcin  it  gives  the  same  color  tests  as  the  jjcntoses 
and  including  the  spectrum.     It  gives  the  furfurol  test.     While  itself 
(Icxlroroiary,  it  occur*  always  in  paire<l  coni|Xiunds  which  are  all  of 
ihem  I.Tvorot.itory.    These  IxkIics  explain  the  nonnal  Ixvorotation  of 
ihc  urine  of  from  0.05**  too.I~'\    It  is  much  increased  after  the  inges- 
tion of  camphor  which  pairs  with  it.  and  also  after  chloral  hydrate. 
^■Hie  orcin  reaction  is  the  mosi  convenient  one  to  use  (see  page  181). 
^P       Its  chief  clinical  importance  is  tlie  fact  that  its  patrerl  acid  com- 
pounds occur  normally,  that  they  redtice  copper  after  somewhat  pro- 
"Prlbr&m.  DentKhes  Arcli.  f  1d<ii   Mci]..  1903,  ^^ 
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longed  boiling,  and  are  Ixvorotatory.  If,  therefore,  the  sugar  reaction 
is  suggestive,  the  fermentation  test  negative,  and  the  orcin  test  good, 
they  may  be  suspected.  Since  this  acid  has  been  shown  to  be  a 
product  of  the  normal  oxidation  of  glucose,  it  is  increased  in  diabetes 
mellitus,  some  claiming  that  in  very  mild  cases  the  unoxidized  sugar 
is  present  only  in  this  form.  Edsall  *"  showed  that  the  excess  of 
benzoyl  esters  in  diabetes  was  not  always  due  to  an  excess  of  glycu- 
ronic  acid,  but  found  an  increase  in  the  un fermentable  carbohydrates 
They  are  present  in  all  intoxications.  He  suggested  that  their  increase 
may  be  considered  a  pn)tecti\e  ineasure  of  the  body  to  combat  these 
intoxications.  Glycuronic  acid  is  increased  in  a. great  variety  of  con- 
ditions. Edsall  doubts  that  it  can  even  be  used  to  i'ndicate  a  latent 
diabetes,  while  recently  Fisher  has  given  evidence  that  the  pairing 
of  glycuronic  acid  occurs  before  any  oxidation  of  the  dextrose  molecule 
has  occurred,  which  would  rather  destroy  the  theories  concerning  its 
importance  in  diabetes. 

Alkaptonuria. — This  very  rare  and  interesting  condition  has  of  late 
attracted  considerable  interest.  Its  rarity  is  evident  from  the  fact  that 
but  40  cases  (29  of  them  men)  were  reported  up  to  1902  (Garrpd). 
Of  these,  only  four  were  in  America  (Futcher),  and  the  number  has 
not  much  increased  since  attention  was  called  to  the  abnormality. 

It  seems  a  congenital  and  life-long  condition,  although  some  cases 
are  intermittent,  and  Mittelbach's  patient  is  confident  that  his  followed 
an  injury. 

Since  without  symptoms,  such  cases  are  accidental  discoveries,  the 
mother  noticing  the  darkly  stained  napkins  of  the  infant,  or  the  insur- 
ance companies  refusing  them  as  dial>etics. 

Most  consider  this  condition  to  be  a  variant  of  metabolism,  the  in- 
ability of  the  body  to  burn  homogentisinic  acid,  hence  comparable  to 
glycosuria.  Tyrosine  while  the  mother-substance  of  some  of  it  cannot 
explain  all.  It  is  a  nomial  intermediate  product  of  the  breaking  down 
of  the  albumin  of  fix)d  and  of  the  organs."' 

Alkaptonuria  seems  to  be  a  family  disease,  19  of  32  cases  occur- 
ring in  seven  families,  one  family  liaving  4  cases,  but  there  is  only  one 
case  of  inheritance  (Osier's  case)."*  Garrod""  finds  that  60  per  cent. 
of  the  cases  are  children  of  parents  who  are  first  cousins.  Other  views 
are.  an  intestinal  mycosis,  a  peculiar  intestinal  ferment,  etc. 

The  amount  of  reducing  substance  excreted  varies  from  about  3.2 
to  6.9  gnis.  in  twenty-four  hours.     It  is  of  interest  (said  Garrod)  that 

"Univ.  of  Penti,  Med.  Bull.,  .April,  1Q02. 

"  Sec  Langslein  and  Meyer.  DeuUches  .■\rdi.  f.  klin.  Med.,  ig03,  vol,  IxxviiL 
p.  161. 

"Lancet.   January   2.    njoj ;  sec    Fnlclier,    New    York   Med.   Journ.,    January, 

1898. 

"Ibid..  Deccniber  13.  1902. 
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ilie  output  is  (or  diffcroit  cases  so  constant,  and  tliat  a  person  eitlier 
excrete^  this  ftniotmt  or  iiuik.    No  truces,  no  {(rmliial  increase  or  dc- 
I     create,  are  seen, 

^k     Tlie  amount  depends  somewhat  on  the  diet,  beinp  reduced  alwut 

^Btie-lialf  on  hunger  days,  somewhal  by  a  vegeiaMe  diet, 

^f       Its  i>criod  o(  greatest  excretion  was  su|)]H)Scd  to  !«  from  one  to 

three  hours  (MitteII>acli)  after  a  licavy  meal,  a  prtiiit  iti  favor  of  its 

intesiiiinl  origin  rather  than  tine  i<i  ahnormal  ineial)oiiani,  since  the 

greatest  output  of  the  products  of  nietalwhsm  is  from  four  tn  eight 

hours  after  a  meal.    Garr<Ml.""'  however,  found  the  latter  true  here, 

^^ence  its  origin  in  the  tissues. 

B       The  urine  when  fresh  is  very  acid,  of  normal  color,  hut  rapidly  hc- 

Hcoines  dark,  reddish-brown  and  syrupy  frotn  oxidalinn.  especially  if 

^made  alkaline.    It  gives  the  copper  tests,  but  not  Nylandcr's.  .■\gNOj 

is  re<luce<l  in  the  cold,  it  docs  nut  polarize,  is  iiol  fermented,  and  gives 

no  cr>-slals  willi  phenylhydra/in. 

Of  the  alkapton  Ixxlies,  two  at  least  have  Iieen  isolated,  homogen- 

tisinic  an<l  un^lcucinic  acids.    V.  JaUsch  includes  the  glycosnric  acid  of 

Marsliall.  which,  however,  may  for  the  most  pari  he  the  fir^t  nien- 

Itioncd.    Other  bodies  may  be  present.    Urines  supposed  to  he  rich  in 

[pyrocalechin  are  for  the  most  part  really  cases  of  alkaptonuria. 

Howor.ENTisiKtc  ACin,  CoHj(OH  )iCH;COOH.  is  the  most  im- 
Iportant  and  in  most  cases  the  only  alkapton  lx>dy.     It  is  to  this  that 
'the  characteristic  reactions  nf  the  urine  are  dtie.     Its  mother-sub- 
stance seems  to  be  tyrosine,  for  this,  if  fed  a  patient,  is  excreted  as 
^lliis.  acid,  especially  if  the  tyrosine  be  given  in  small  doses, 

^M  To  italait,  ttw  titine  i»  made  scronitly  ac><l  with  HiSO,  (i  lo  la)  75  cc  per  i 
^pUtrc  of  nrinc.  It  is  evapnnicd  on  a  wnter-baih  ii>  nnc-lcnih  volume  and  «1ukcR 
^^oul  fo«r  or  five  iim«  whli  ihrce  volume*  of  cllicr.  The  elher  i»  llien  distilled 
off.  ihe  rt«idiic  dU^vcd  in  waicr  (30  10  60  volumes),  filtered,  the  toluiion  healed 
to  tK»Ilng  and  piecipilated  wiili  io  per  coil  PItAc.  Tlii*  is  ijuickly  filicrcd  while 
hoi  ti>  iep«r*tc  the  fcinou'  bfown  prccipilaie:  allowed  to  tland.  ihc  lend  Ealtx 
will  «lowly  scparalc  in  the  cold  Tlii^^e  :ire  deoinpojcd  t>y  HiS.  llic  filtiaie  care- 
fully evaporated  litst  on  (he  waicr-baih  and  then  in  vacuo,  and  the  add  will  eryt- 
talli^e  out. 

Garrod  recommends  ihait  the  urine  lie  heated  to  boiling,  and  from  5  to  6  gms. 
nf  Hilid  riiAc  per  100  ce.  of  urine  be  added.  When  thene  are  dissolved  Ibe  urine 
it  filtered,  and  ibe  filtrate  allowed  10  ttand  twcmy-four  hour*  in  a  cool  place. 
The  lead  cry<taU  are  grouttd  line,  suspended  in  water,  decomposed  will)  KiS, 
filtered.  eva|>>^alc-l  first  on  ihr  water-bath  and  Ihen  in  vacuo  to  a  syrup. 

Urolelxikic  acid.  C,H,(OH)sCjH,OHCOOH  (?)  has  also 
been  found  in  alkaptonuria.  It  is  very  similar  to  the  aliove.  with  the 
reactions  practically  llie  same.  It  may  be  separated  from  it  since  ir 
is  precipitatcil  by  basic  lead  acetate,  (iarrod  found  none  in  the 
urine  of  those  in  whom  years  prc>iously  others  had  found  it, 
■"LaiKel.  November  30.  iggi. 
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Raumann's  quamitnlivc  nielliod  i ""  lo  *c.  of  the  urine  ar«  mixed  in  a  llMk 
with  10  cc.  uf  i  per  cent,  amiti'^iiia.  To  thit  mixiurc  nne  add^  al  once  several 
eiibtc  cciiliTnclr<r«  of  itnth-norctial  AgNOh  thakcs  it  a  liKir,  and  alluws  ii  lu  iiand 
five  mimiles.  To  the  tnixlure  are  then  added  S  dri>ps  of  lo  per  cent.  CaCli  and 
10  drops  of  aniinonium  cnrlionatc  »oliiiioii.  After  ahukiiitf-  it  <'  tillered.  The 
brown-coiured  but  entirely  clear  lillralc  U  leMcd  with  silver  nilraic.  If  there  si 
once  oecuri  a  strong  prcdpitalion  of  reduced  siKer,  tn  the  weoiid  test  a  Urger 
aniouni.  even  twice  ai  much  silver  solution  i>  ndded  lo  ihe  mixiuTe  of  lo  oc  oS 
urine  and  to  cc.  of  ammonin.  As  soon  a<  one  has  determined  apprnxiniaicly  the 
aniotint  of  the  silver  vitulian  neceK»ry  lor  oxidation,  the  end  tcaciioii  inaj  be 
determined  with  HCl,  il  being  near  when  the  deep  brown  fluid  on  the  aditiliun  of 
HCI  lake*  a  liKhi  red  color.  'Hie  end  reaclion  i*  reached  when  the  filtraie  from 
the  ultvcr  precipitate  on  ncidii'ying  wltli  diliiir  HG  gives  a  slightly  visible  cloudi- 
ness of  ArCI.  One  can  deiermine  lliii  point  very  sharply  after  repeatinji;  the  de- 
lerminaiion  froni  four  to  six  times  If  more  than  8  cc.  of  the  silver  sotntion  art 
neccHaty,  'in  rcpeattng  ihe  determination  30  cc.  ralber  Ihan  10  cc.  of  ammonii 
are  to  be  uted. 

One  gin.  of  the  water>Iree  homogenlisinic  acid  ii  reduced  with  the  above  tech- 
nique by  n  (]tinniity  of  silver  soliilion  which  conlains  i6  lo  365  gms.  of  Ktlver  :  that 
is.  140  to  254  cc.  of  Ihe  icnlh-nonnal  silver  solimon.  Hence  t  cc.  of  Ihe  lenih- 
nortnal  loluiion  indicatcE  0.004124  gms.  of  tlie  acid. 

The  nicthud  n  lather  ap[iruxiniuie.  having  an  average  error  oE  &)  per  ccnL 

J'KUTEIDS   IN    THK    l^RJNE 

Albumin  Tests. — For  all  albumin  tcsl.'i  tlie  urine  must  be  as  fresb 
as  jiossiblc  and  perfectly  clear,  Tliis  latter  may  be  obtained  usually  by 
filtration,  and  this  is  the  Iwst  way.  using  many  tbickneases  of  pai)er. 
If,  liowcvcr.  the  turbidity  is  due  to  baclcria,  Kicsclgubr  is  often  used. 
Kicsclguhr  lias  its  objections,  since  it  quite  certainly  removes  front  the 
urine  some  of  the  allnmiin.  MgO  is  recommended,  and  also  the 
asbestos  filter. 

It  is  always  best  to  dilute  a  concentrated  urine,  since  all  albumin 
tests  are  rendered  even  more  distinct.  Altbongb  ihe  albumin  is  diluted, 
tbis  loss  is  more  than  offset  by  tlie  gain  from  the  dilution  due  to 
the  elimination  uf  the  influence  of  disturbing  bodies  of  concentrated 
urines. 


Hallffluer's  work '"  is  interesting  u  showing  the  imporiance  of  ihi*.  If  normal 
urine  he  concentrated  by  heal  to  one-half  its  volume  and  then  senim  albumin 
added,  ilic  heal  and  acetic  acid  test  i«  even  improved,  bin  the  heat  and  niiric  acid 
teit.  Heller's,  and  the  polas.-iium  ferrocyanide  tc*i*  arc  ncKative.  If  the  urine  be 
previously  evaporated  to  «ne-(|uarter  itt  volnmc.  none  of  these  ic.<is  will  «hi>w 
the  albumin,  yet  all  are  puMitive  if  ihii  conccntraicd  at  bu  mi  nous  urine  be  diluted 
to  its  original  volmne.  The  poiasiium  ferrotyanidc  icsl  is  the  fir»t  to  disappear, 
which  it  doct  when  the  ipecilic  gravity  i>  about  lojo.  Urea  and  the  neutral  salts, 
especially  phosphate*,  are  the  disturbing  bodies. 

The  specimen  should  be  carefully  chosen.  In  a  definite  case  of 
nephritis  Ibis  is  not  necessary,  but  in  very  mild  cases  tbc  albumin  may 

'"Zeilsehr  f.  Physiol  Cheni.,  1801.  vol.  xvi,  p.  370,  or  Hoppc-Seyler.  Oiem- 
bche  Analyse,  leventb  edition,  p.  46a 

"Munch,  mcd.  Woehenschr.,  1903.  P.  '539- 
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Bcprewnt  only  during  certaiii  hours  of  the  tLiy.  Such  patients  shouM 
petnl  tor  cxainiuation  the  urine  first  voided  in  the  nioniiiig  and  that 
k'oidcd  at  the  end  of  a  hard  day's  work.  The  morning  urine  is  often 
alhuniin-frcc. 

Heat  .III/  Acetic  Acid. — The  albumin  is  precipitated  by  heat  as  co- 
agulated albumin.  Tliis  method  is  good  unless  only  minimal  traces 
be  present,  A  tcst-tulie  is  filled  almost  full  of  the  clear  neutral  or 
faintly  acid  tillered  urine  and  heated  at  the  top  to  a  hoil.  the  tulie 
being  held  by  its  lower  end.  In  case  only  a  very  slight  trace  of  albumin 
be  present,  it  were  nuich  better  t'>  use  an  alaihol  tlanic,  since  llie 
flight  deposit  on  the  glass  from  the  burning  gas  will  simulate  a  very 
slight  cloud  of  albumin.  If  a  cloud  is  pro<luccd,  it  can  \x  easily  recog- 
nized by  comparing  the  upper  with  the  lower  half  of  the  tube  while 
holding  the  tulie  against  a  black  background.  A  cloud  may  be  due  to 
albumin  or  to  calcium  phosphate  and  carbonate.  .-\  few  drops  of  5 
per  cent,  acetic  acid  arc  then  added  until  the  urine  is  distinctly  acid. 
In  ca-se  it  is  albumin,  the  cloud  will  rather  increase  and  even  Iiccome 
Bocailent;  with  very  much  present,  the  tube  may  be  inverted  without 
the  loss  of  a  drop.  In  case  it  is  inorganic  phosphates,  it  will  disapjiear, 
the  carbonates  with  effervescence.  From  i  to  3  drops  of  25  per  cent, 
acetk  acid  per  10  cc.  is  recommended  by  Hammarsten.  The  urine 
»li<iuld  be  Iwiled  after  the  a<]diiiou  of  each  drop  nf  the  acid, 

If  no  cloud  is  produced,  albumin  may  still  be  present,  and  acetic 
acid  should  Iw  added  even  though  the  urine  be  perfectly  fresh  and 
remain  clear  on  iMiiling.  A  clou<l  may  appear,  showing  th.nt  the  urine 
was  not  sufficiently  aciil  for  the  precipitation.  Here  again  the  nrine 
should  be  boiled  after  each  drop.  In  some  cases  the  fresh  urine  i.s  too 
acid  for  the  coagulatinn,  in  which  case  an  alkali  may  be  .idded.  which 
will  pnxhice  or  at  least  increase  the  precipitation.  H  the  test  apiwar 
gative.  the  tesl-tube  is  allowed  to  stand  for  about  fifteen  minutes, 
^time  being  allowed  for  the  coagulum  to  appear.     In  case  the  urine  is 

T  in  salts,  the  test  is  much  improved  by  adding  one-tenth  volume 
f  saturated  N'aQ.  An  excessive  acid  must  be  avoided,  since  it  gives 
soluble  acid  albumin.  It  is  therefore  possible  to  add  too  little  or  too 
miKh,  and  a  tnerc  trace  is  easily  lost;  at  least,  the  faint  cloud  tnay  be 
either  albumin  or  phosphates,  wliich.  one  cannot  say,  since  both  will 
disappear  or  remain  if  too  much  or  too  little  acid  be  used,  and  the 
proper  amouni  to  a<kl  is  hard  to  determine. 

The  more  chronic  the  nephritis  the  whiter  the  albumin  cloud.  The 
lore  acute  the  browner  the  i)recipilale. 


The  olhcr  coagula  whkli  m.iy  flpprar  arc:  The  so-calltd  "  miclf«-oibumin' 
Thi»  it  precipitated  in  the  ctiIiI  by  acciic  acid.  Two  tem.  the  one  in  Ihc  boiled, 
■nd  the  other  the  unhcatrd  jitinc  lo  which  acetic  acid  hns  Ixcn  add<d,  may  be 
,eORi|iarcd  10  sec  >(  this  budy  will  explain  all  the  precipitate.    The  urine  gives  a 
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bdter  test  (or  niideo-albumin  when  diluted;    the  precipitate  it  soluble  in  cx«m 
of  ai^id; 

Hetinous  acidi,  in  caic  a  great  excess  oi  ncettc  acid  be  added.  This  i>rceii>iiaie 
is  soluble  in  diciihni:  tlii>  error  thoiild  never  Hnic.  Sucli  occiits  afirr  ihr  uttt^- 
lioii  of  dilTeient  resinuu^  budies — turpentine,  benioin.  \-ariouK  balsams,  it  copaibi, 
bali.iin  ii!  Fern,  Tolii,  «Uo  ciibelu,  etc, 

Hciit  and  Xitric  Acid. — The  urine  is  boiled  as  above,  and  then  con- 
centrated UNO,  added  until  strongly  acid.  The  albumin  precipitate 
is  insoluble  in  lair  excess,  and  liciice  the  danger  here  is  that  totj  little 
rather  ihan  too  much  acid  will  be  nsed.  ,\8  a  rule,  about  one-twentieth 
to  one-tenth  volumes  arc  necessary.  Hammarstcii  recommends  one  to 
two  drops  of  25  per  cent,  nitric  acid  per  (  cc.  of  urine.  A  docculent 
precipitate  imiicates  albumin.  The  plmsphales  are  dissolved.  Tlie 
urine  should  be  Irailcd  before  and  after  the  addition  of  each  droiJ  of 
acid.  If  after  adding  the  acid  the  urine  be  allowed  to  ctnd  and  a 
precipitate  either  appears  or  increases,  it  is  of  "albumose."  The 
"  niiclco-albiunhi"  is  soluble  in  this  excess  of  MHO,.  On  cooling,  uric 
acid  may  precipitate,  but  this  should  not  confuse,  since  it  is  granular 
and  colored.  If  only  a  trace  of  albumin  be  present,  the  ailditinn  of 
nitric  acid  may  cause  no  precipitate  unless  the  urine  Iw  rich  in  salts: 
on  the  other  hand,  a  great  excess  of  HNOj  may  dissolve  the  trace 
which  does  api>car,  hence  the  boiling  shnidd  lie  repealed  after  each 
drop.  I  lerc  again  the  coagulation  of  a  trace  may  not  occur  at  once. 
and  the  lube  should  be  allowed  to  stand  some  ihne,  and  then  the 
coagulum  ni,iy  be  found  at  the  bottom. 

By  the  almvc  icchiiii|nc  arc  excluded  the  "albnniin  normiilly  present,"  the 
"  nucleo-albumin, "  and  "  allniniose"  ( Hence- J  ones  body).  Tbc  urates  may  d««ive 
in  a  eoncontraieil  urine,  bnt  tliii  prceipitaic  i*  never  flocculent ;  alMi  the  re»inoo» 
aeiilt.  Bilivcrdin  and  other  pigments  are  said  to  confuae,  but  tlirir  precipitate  it 
soUtble  in  alcohol. 

,An()iher  method  much  recommended  11  to  render  llie  urine  strongly  acid 
with  a  few  drops  of  acetic  acid.  One-sixtb  volume  nf  30  per  vent.  NaO  (givtofc 
a  4  pet  cent,  tolulion)  i*  then  added.  A  preeiiiilate  may  appear  in  ihe  eflW, 
possibly  of  iclubnlin,  which  i*  increased  hj  heat.  The  urine  i»  then  heated  at 
above.  All  albumins  arc  precipitated,  ihe  ""  nncleo-albumin"  cloud  i%  slight  or 
absent.  AlbumoiCi  are  sliottii  which  will  dissolve  on  warming.  The  resinoiH 
acids  may  deceive.    This  test  it  Ins  delicate  than  the  precediiiK, 

Tlie  heat  and  acid  tests  arc  very  delicate,  indicating  0.005  S"^'  P*"" 
100  cc.  The  test  should,  however,  always  be  confirmed,  since  the 
faintest  trace  is  uncertain :  by  using  them  we  lose  the  albumoses. 

Heller's  .V/frfc  Acid  Test. — ^This  is  a  contact  test  IwtHcen  urine 
and  nitric  acid;  if  albumin  be  pre?;ent  there  is  fomied  a  line  of  pre- 
cipitate at  ihe  place  of  contact.  It  has  the  advanlage  that  mt  flame 
is  used.  The  albumin  is  precipitated  as  an  acid  albimiin.  which  is  in- 
soluble in  a  fair  cxces.s  of  acid.  Of  all  the  mineral  adds  used,  nitric 
acid  requires  less  per  molecule  of  albumin  than  the  others.    The  pre- 
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cipitate  is,  however,  soluble  in  a  great  excess  of  the  acid.  The  test  is 
very  delicate,  indicating,  according  to  some,  0.007  P^""  <^^"^-  ^""^  '^ 
others  even  0.002  per  cent.  (Hammarsten).  For  this  cold  contact  test 
is  used  a  very  large  test-tube,  or  a  wine-glass,  or  the  albumoscope 
which  is  much  to  be  recommended  (a  U-shaped  tube  with  one  arm 
very  slender,  allowing  a  beautiful  layering  of  the  two  fluids  [see  Fig. 
29].  called  also  an  horismascope ) . 

Into  the  test-tube  is  poured  about  two  inches  of  urine,  and  then  one- 
third  its  volume  of  concentrated  nitric  acid  is  allowed  to  flow  under 
very  slowly,  the  tube  being  much  inclined;  or,  the  urine  is  made 
to  flow  on  top  of  the  nitric  acid.  Still  better,  the  fluid  added  last  is 
introduced  from  a  pipette.     The  nitric  acid  mu3t  be  colorless,  con- 


Fic  39. — Horismascope.    A,  The  arm  of  the  C-shaped  lube  uith  fine  bore ;  8,  bulb  m  tfhich  HKOj 
w  poured  after  the  iube»  are  Ailed  with  urine ;  C.  wide-bore  arm  tot  urine,  with  baclcii^ound. 

taining  no  nitrous  acid  since  its  effervescence  with  urea  at  the  line  of 
contact  will  disturb  the  ring  and  a  faint  one  be  lost ;  the  same  is  true 
if  much  carbonate  be  present,  as  in  an  old  urine.  The  line  should  be 
searched  for  against  a  dark  background.  In  case  the  ring  does  not  at 
once  appear,  one  should  wait,  as  it  may  show  later.  If  no  ring  appears 
until  three  minutes  the  albumin  is  less  than  0.003  P^''  f^^"'-  "^'s  ring 
of  acid  albumin  wilt  appear  exactly  at  the  surface  of  contact;  its  thin- 
ness depends  on  the  amount  of  albumin  and  also  on  the  skill  with 
which  the  urine  has  been  superim]H)sed. 


The   colored    ring   which   always   appears   in   concentrated    urines    should   not 
deceive.     This  may  be  red  or  reddish- violet  in  color,  but  contains  no  precipitate. 
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The  urate  ring  is  present  in  all  concentrated  urines,  and  sometimes  deceives. 
It  is,  however,  above  the  line  of  separation,  and  when  the  test  is  well  made  is 
separated  from  it  by  a  layer  of  clear  urine  from  Vi  to  I  cm.  broad.  This  ring 
is  broader  than  the  albumin  ring,  less  distinct,  disappears  on  warming,  and  does 
not  appear  if  the  urine  be  diluted.  To  dilute  the  urine  to  about  one-third  volume 
does  not  interfere  with  the  delicacy  of  the  test  nearly  as  much  as  is  gained  by  the 
elimination  of  ibiii  ring. 

One  interesting  case,  the  urine  of  which  was  sent  to  the  clinical  laboratory 
to  demonstrate  thii  fact,  shows  the  value  of  diluting  the  urine.  A  consultant 
was  called  to  see  a  case  in  which  the  attending  physician  had  made  a  diagnosis 
of  "  albumosuria,''  the  presence  of  Bencc-Jones  body  in  the  urine,  and  had  given 
a  hopeless  prognosis.  It  seems  that  he  had  tried  this  albumin  test,  obtained  an 
abundant  precipitate  of  urates  which  entirely  clouded  the  urine  and  which  dis^- 
peared  on  warming. 

"  Sudco-albumin." — This  is  present  as  an  opalescent  ring  0,5  to  i  cm.  above 
the  line  of  contact,  sometimes  extending  down  to  it,  and  which  disappears  on  slightly 
shaking  the  tube  that  the  acid  may  be  mixed  with  the  urine,  as  this  body  il 
soluble  in  nitric  acid.  In  the  undiluted  urine  this  ring  appears  somewhat  later, 
is  faint,  does  not  resemble  much  the  albumin  ring,  and  in  the  case  of  a  diluted  urine 
appears  even  more  rapidly  and  is  clearer  than  in  the  concentrated. 

Resinous  Acids. — These  may  form  a  whitish  ring  above  the  line  of  contact 
and  partly  clear  on  warming.  These  bodies  are  soluble  in  ether,  which  should 
be  added  in  great  excess  to  prevent  an  emulsion.  The  precipitate  is  pipetted  off 
for  this  examination.  If  suspected,  the  following  lest  should  be  used.  To  from 
8  to  10  cc,  of  urine  are  added  2  to  3  drops  of  HCl  in  the  cold,  which  will  pre- 
cipitate these  acids.  On  adding  more  HCl  and  heating  a  red  color  results.  These 
resinous  acids  may  also  be  extracted  with  ether  from  the  urine  made  strongly 
acid  with  acetic  acid. 

The  "albumoses"  (Bence-Jones  body)  will  also  give  a  very  heavy  ring  at 
the  line  of  contact,  which  disappears  on  warming. 

The  bile  acids  will  also  give  a  precipitate  in  concentrated  urines. 

Urea  nitrate  may  crystallize  out.  This  line,  however,  which  may  form  a  solid 
crust  between  the  two  fluids,  is  so  solid  and  so  definitely  crystalline  that  it  will 
never  deceive 

Hanimarsten  recommends  that  as  a  matter  of  routine  all  urines  be  diluted  to 
a  specific  gravity  of  1005.  Dilution  excludes  all  the  above  disturbing  bodies 
except  albumose  and  nucleo-albumin. 

This  lest  should  never  be  trusted  alone,  but  confirmed  by  another.  Many 
workers  recommend  thai  it  be  used  first. 

Potassium  Fcrrocyanhic  and  Acetic  Acid.— A  few  drops  of  acetic 
acid  are  added  until  the  urine  is  quite  acid  (containing  about  2  per 
cent,  of  acetic),  K^FeCN^  (5  per  cent.)  is  then  added  drop  by  drop, 
avoiding  an  excess.  When  the  proper  amount  is  added  albumin  is 
indicated  by  a  cloud  or  flaky  precipitate.  If  the  observer  be  expert. 
this  test  is  more  accurate  than  Heller's.  It  takes,  however,  some  expe- 
rience, so  much  depends  on  the  amount  of  reagents  and  the  amount 
of  salts  present.  The  test  is  particularly  valuable  in  quantitative  work 
when  it  is  desired  to  know  if  a  solution  has  been  rendered  albumin- 
free. 

The  albumoses  are  also  precipitated,  "Nucleo-albumin"  is  precipitated,  but 
also  by  acetic  acid  alone, 

A  hot  urine  must  not  be  tested,  nor  .iny  reagent  used  containing  iron  as 
Kieselguhr,'"  else  clouds  of  inorganic  precipilate.s  are  produced, 

'"Bardack.  Zeitschr.  f,  inn,  Med.,  igo2,  No.  42- 
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Tanret's  Test. — This  reagent  is  made  by  dissolving  1.35  gnis. 
HgCI,  in  as  liulc  water  as  jmssiljlc  with  3..12  gms.  KI  (lience  one 
ttkilccule  Hgt'lj  etjuals  fuur  mulecules  Kl).  To  tliis  sohilioii  arc 
added  50  cc.  of  water  and  then  20  cc.  of  glacial  acetic  acid.  This 
snhition  is  added  drop  hy  drop  to  the  urine,  which  will  clond  should 
albumin  \k  uresenl,  iniiil  the  cloml  jusi  besi'is.  It  is  exceedingly  deli- 
caic  It  indicates  also  "  niicleo-albiimin,"  "  peptone,"  soluble  on  wann- 
ing, alkaloids,  and  the  alljunioscs.  In  French  clinics  wc  have  seen 
this  test  nse«l  with  the  most  satisfactory  results. 

Spifglcr's  Tvst. — Spiegler's  test  consisted  originally  of  HgClj,  8 
gms. :  wrtaric  acid.  4  gms. :  glycerin,  20  g:nis. ;  water,  joo  cc.  U  has 
recenily  l»een  modified  by  Julles:  HgClj,  10  gms. ;  succinic  acid,  20 
gms. :  NaCl.  10  pns. :  water.  500  cc 

This  is  the  most  delicate  test  of  all.  The  urine  is  first  filtered,  ren- 
dered acid  by  a  few  drops  of  aceiic  acid  to  hold  the  carbonates  in 
solntinn  and  to  precipitate  the  nnclco-allnitnin,  which  is  filtered  off  if 
present,  since  this  also  is  precipitated,  and  then  superimposed  on  the 
above  reagent.  ,\  very  sharp  ring;  is  produced  by  albumin.  By  means  "f 
it  Spiegler  claimed  1  :  50,000  could  be  detected,  but  as  modified  it  is 
said  there  can  he  detected  i :  150.000  to  ,150,000.  the  latter  in  the  case 
of  Jolles's  modification.  T\k  advantage  claimed  for  it  is  thai  it  is 
definitely  positive  or  negative,  not  suggestive.  This  detects  also  albu- 
moscs,  but  not  deutero-allmmose.  In  case  the  urine  he  very  dilute,  that 
is,  specific  gravity  1005.  the  original  test  is  nf  little  value,  hence  MaCl  is 
an  ingredieiU  of  the  modified  solution.  That  the  reagent  will  not  mix 
with  the  urine,  its  sijecific  gravity  should  be  alKnit  1060.  hence  a  heavy 
acid  is  used  and  glycerin  or  saccharose  added,  and  still  more  if  neces- 
sary, ns  in  a  case  of  diabetes. 

Various  oiher  irsn  have  been  propowd:  Metaphosphork  iicid  in  (olid  form, 
a  piece  ihr  tire  of  a  pen  licing  ndded  lo  a  teti-iube  »(  urine-  picric  acid  is  used 
alio  in  tl>«  hxnie  way  Oliver  l1a^  recommended  papers  <^atiiratrd  in  (he  reagenio 
becaiKc  of  ihc  cit<c  in  carrying  ihcm  around.  Against  all  luch  lesU  slinuld  be 
Bai<l.  Iiooevcf.  ihat  they  ar«  far  inferior  In  delicacy  lo  the  above- mentioned  tests 
and  hence  fnit  wlierc  mott  needed. 

There  i*  a  long  Hit  of  very  delicate  tests  recommended.  In  genernl  it  may 
1)«  taid  that  iherc  in  danger  in  thne  delicate  test*.  Mnce  it  i»  cranled  a  trace  of 
albumin  is  nonnally  prcient,  and  the  test  tiscd  should  be  only  dclicaic  enough 
to  iadtc.ite  a  pathntofiicnl  amnunt,  .Mmont  any  two  teits  «fliich  coiilrol  the  one 
or  the  other  are  food  enonsh.  providing  ilie  worker  understand  the  ihoricoming« 
of  each  and  be  experienced  in  their  use. 

Tbc  order  of  delicacy  of  these  tests  is:  Spiegler's,  Tanret's,  then 
heat  and  acid;  next  KjFcCNb;  next  Heller's,  then  picric  acid,  and 
various  others.  This  order,  given  by  Hnppert,  is  not  accepted  by 
VHne.  who  claim  that  they  can  with  Heller's  test  properly  perfonned 
in  a  wine-glass  get  more  delicate  results  than  with  the  heat.  Senator 
recommends   Heller's  test,   since   it   shows  albumose.      He  advised 
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against  heat  as  the  test  of  ]>rcfcrcncc,  since  traces  are  so  oftcii  lost  and 
albiiiliwsc  tnay  not  even  be  sus|X'ctfcl.  In  f-cneral.  it  should  1«  «iid 
lliai  no  one  test  is  cenaiii,  but  cadi  slionid  always  be  conlinned  by  at 
lea«  i>ne  nibcr.  The  heat  and  aciil  and  the  Heller's  are  a  good 
combination. 

Quantitative  Determination  of  Alhumin.  Schfurs  Mt-lheni. 
— Alxjut  jcw  ec.  oi  fainlly  aeid  urine  are  filtered.  About  5  cc.  arc 
then  ixmred  into  a  test-tiilie  and  tins  l«>iled  and  then  filtered  until  tl»c 
filtrate  be  i-Iear.  Tlie  presence  of  albumin  in  the  llUrale  is  tested  hi 
the  cnhl  with  acetic  acid  and  potassium  fcrrocyanidc.  If  the  filtralc 
be  alliuniin-free  Ihe  nriiic  is  ready  for  immediate  use.  In  case,  hi>w- 
ever,  that  a  slijjht  trace  is  still  present,  two  or  Ilirec  drops  of  50  per 
cent,  acelic  acid  are  added  lo  ihe  whole  amount,  well  stirred,  and  a 
second  trial  test  made.  This  is  to  he  continued  until  the  filtrate  of 
these  sample  iwrtions  is  albumin- free.  When  near  the  border-line  ut 
some  cases  one  drop  of  acid  too  nmcli  will  spoil  the  whole  and  s/Hliiiin 
hydroxide  solution  must  he  addcil  drop  by  drop.  The  work  is  much 
facilitated  by  adding  0.1  volume  of  saturated  NaCl  fCohnlieini).  this 
increase  in  the  sodium  chloride  rendering  Uie  precipitation  more  com- 
plete. In  this  case  a  clear  filtrate  is  also  all mniin- free.  The  addition 
of  this  salt  is  to  be  reconnnended  as  a  routine  work,  and  we  have  saved 
a  great  many  weary  hours  by  so  doing,  Of  course,  a  projier  correction 
for  change  of  volume  is  necessary.  Tlic  urine  now  of  the  right  acidity 
is  measured  and  boiled  before  the  bacteria  change  this  at  all.  Two 
pontons  arc  then  coagulated;  first  on  ihe  water-bath,  then  over  the 
free  flame  until  the  precipitate  is  flocciUcnt  and  Ihe  supeniatant  fluid 
is  clear. 

The  amount  of  urine  used  will  depend  on  the  amount  of  alhtimin 
present.  .\  general  rule  is  that  the  weight  of  dried  albumin  on  a 
paper  shall  not  exceed  o.,'^  gin.  Larger  amounts  than  this  it  is  ex- 
ceedingly diflicult.  we  think  impossible,  to  dry  lo  constanl  weight-  In 
case  the  urine  is  very  rich  in  albumin,  it  is  l>ctter  that  a  small,  accu- 
rately measured  amount  be  added  drop  by  drop  to  a  heaker  of  boiling 
water  or.  Iieiier,  sail  solution. 

The  urine  is  then  filtered  through  a  {Iricd  and  weighed  filter  paper, 
the  precipitate  washed  chlorine- free  with  hot  water,  then  with  alcohol 
and  ether,  and  ihen  dric<l  to  constant  weight  at  no"  C.  To  obtain 
constant  weight  may  seem  a  simple  matter,  but  it  is  far  diflfcrcnt.  since 
even  at  kivver  teinpenitures  than  this  constant  heating  will  jiroditce  a 
certain  loss  in  weight,  Weighing-glasses  with  groimd-gkass  stoppers 
arc  recommended,  and  drying  ovens  in  which  the  heat  can  be  well  con- 
trolled. The  bulb  of  the  thennometer  should  be  on  a  level  with  the 
glasses,  which  rest  on  an  asbestos  sheet.  .After  the  weight  has  become 
almost  constant  they  should  lie  weighed  at  stated  intervals,  preferably 
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about  an  hour  apnrl.  until  the  weight  is  quite  constant.  Control  tests 
should  always  be  used,  niul  ovcii  with  the  Iiest  work  the  error  is  often 
as  high  as  i  (kt  cait. 

Salkowski  '"*  recommends  the  following  when  very  much  alhtimin 
19  present.  A  small  accurately  measured  amount  of  urine  is  mixed 
with  lo  to  20  volumes  of  95  i>cr  cent,  alcohol  and  brouglii  to  a  tjoil  on 
the  waicr-baih.  It  is  then  cooled,  decanted,  washed  with  hot  water, 
filtcrctl,  washed,  then  placed  in  a  weighed  platinum 
crucible,  and  dried  to  constant  weight  at  1 15^  C.  The 
weight  of  the  ash  is  then  subtracted. 

Esbat/t's  Tubes. — In  these  tubes  (see  Fig.  30)  are 
mixed  a  <lcfinitf  quantity  of  urine  and  a  reagent  made 
up  of  picric  acid.  10  gnis..  citric  acid.  20  gms.,  water, 
to  make  i  liire.  Marks  on  the  tubes  will  indicate  the 
amount  of  each  to  be  u.sod.  The  tube  is  then  well 
corked,  and  is  reversed  slowly  a  dozen  times,  tliat  thf 
fluids  may  be  well  mixed.  71ie  t»l)e  is  then  allowed 
to  stand  quiet  for  just  twenty-fonr  hours,  ai  ihe  end 
of  which  time  the  height  of  the  column  of  precii)itatc  is 
read  on  the  graduated  scale  of  the  tube.  The  reading 
is  given  in  grammes  of  albumin  per  litre. 


—a 


It  will  be  seen  that  ihU  is  only  a  refined  method  of  an  older 
t«t,  in  which  ca*e  the  boiled  urine  w.ti  allowed  to  seUle  »nd  ihe 
height  of  the  prrcipiinte  roughly  c-itimBicd.  "  50  per  cent,  of 
albumin"  meaninic  thut  the  lube  wi*  about  half  full  of  precipitate 
Thi»  method  hai  the  umc  objei'tiont  a*  the  older,  and  we  fcnr 
has  KTsicr  appearance  of  accuracy  than  it  really  poMci'ies."' 

Thai  the  Icit  may  be  m  iati*f.iclory  as  po«ihle  the  following 
poinK  rauM  be  oI>*ctvci1:  The  urine  must  be  rendered  acid  by 
ac«tic  acid.  The  tube  should  not  be  ihaken  loo  vigorouily.  It 
*bould  »iand  in  a  room  of  almoft  con^taut  teuipcrature.  siuce  a 
cbanKe  in  litis  may  eatily  malcc  a  dilTercnce  of  too  pet  cent.,  (he 
precipitate  linking  much  more  rapidly  in  a  warm  room.  In  case 
»  faim  cloud  appear*  which  does  not  icttle.  il  ii  probably 
"  nucleo- albumin."  still,  traces  of  albumin  will  nol  settle.  The 
teii  is  much  more  reliable  m  ca>c  ihe  urine  he  lo  diluted  that 
ihc  precipitate  will  riie  lo  a  point  between  the  one  and  ihc  four 
mark.  Sometimes  the  albumin  will  collect  at  the  top  of  the  tiilie. 
not,  however  if  ihc  urine  hai  been  diluted,  Thii  tut.  although 
very  uiiiatitfaciory.  it  still  a  favorite  of  the  practitioner.  It  ha: 
its  strung  poiniit.  and  give.i  much  information.  The  iwo  pointi  that  should  be 
remembered,  however,  ate.  that  the  tcTiiperMitire  niii»t  be  fairly  constant,  and  thai 
il  it  not  at  accurate  as  it  looki:  n  difference  in  readmg  of  one  or  even  three 
grummet  p«i  litre  in  a  marked  case  may  nut  indicate  a  dilTercnce  in  the  urine. 

Xot  nearly  enough  attention  is  paid  to  an  approximate  estimate 
from  the  siiie  of  the  ring  in  contact  tests,  such  as  Hi'Ucr's  ti:st,  made 

*•  Beil.  klin.  Woehensehr.  March  j,  1902. 
*"  Johns  Hopkiiia  Hosp.  Bull.,  January,  1903. 
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in  a  "  Coltamore  wine-glass"  half  filled  with  urine,  then  underlaid 
with  approximately  one-third  its  volume  of  nitric  acid.  By  "  slightest 
possible  trace"  is  meant  the  smallest  amount  which  can  be  detected 
as  a  haze  under  most  favorable  conditions  ( black  background,  etc. ) ; 
slightly  more  means  very  "  slight  trace;"  a  "  slight  trace"  can  be  seen 
without  a  black  background  and  also  from  abo\e,  although  the  bottom 
of  the  glass  is  distinctly  seen:  a  "  large  trace"  {about  o,i  per  cent.)  is 
a  clearly  seen  ring  but  not  flocculent,  quite  dense  but  not  opaque 
when  seen  from  above;  through  the  ring  made  by  %  per  cent,  the 
bottom  of  the  glass  cannot  be  seen,  but  a  faint  ray  of  light  is  trans- 
mitted; 0.25  per  cent,  gives  a  zone  quite  flocculent  from  the  side  and 
opaque  from  above;  0.5  per  cent,  and  above,  the  ring  is  very  dense 
and  Hocculeiit.  Above  this  one  cannot  go  by  this  method.  The  width 
of  the  ring  is  not  so  important  (condensed  from  Ogden,  "  Clinical 
Examination  of  the  Urine"), 

Rossler  used  Jolles's  test  in  a  similar  way,  but  depended  more  on 
the  thickness  of  the  ring.'**' 

Centrifuge  Method. — Purdy  has  recommended  that  in  graduated 
centrifuge  tubes  be  mixed  10  cc.  of  filtered  urine,  3.5  cc.  of  10  per 
cent.  KjFeCKfl,  and  1.5  cc.  of  acetic  acid.  The  urine  is  then  cen- 
trifugaltzed  at  a  uniform  speed  of  1500  revolutions  per  minute  in  a 
centrifuge  the  arm  of  which  is  of  such  length  that  the  distance  from 
the  centre  of  rotation  to  the  tip  of  the  tube  is  y^i  inches.  It  is  centrifu- 
galized  three  times,  five  minutes  each  time;  '/ 10  precipitate  indicates 
Vnrt  P^r  cent,  by  weight  of  albumin.  In  his  recent  e<iition  he  gives  a 
table  with  the  e(|uivalenls  of  the  readings.  Thi.*  te?t,  satisfactory  as  it 
may  seem,  lias  not  given  very  good  results  in  ov:r  hands,  altliougii  better 
than  the  Esbach  tube.  It  is  an  interesting  fact  that  two  of  the  makers 
of  the  Purdy  centrifuge  were  unable  to  supply  us  with  an  arm  which 
conformed  to  his  specifications  as  regards  length,  hence  one  must  be 
made  to  order.  It  is  difticnlt  also  to  obtain  graduated  lubes  with  the 
shaq)  piint  a*  he  represents  them.  We  have  found  it  no  easy  matter 
to  keep  a  centrifuge  running  unifonnty  at  this  rate  unless  one  stands 
over  it  diirinj*  the  entire  time  watching  the  taxometer.  and  that  the 
time  centrifugal ized  is  of  gre.it  importance. 

Roberts  and  Stolnikow's  Method — This  meihod  1^  ba~ed  on  the  observaiion 
(hat  « itli  lU'llor?  tf?i  a  ring  nppearing  rrom  tivii  and  cne-half  to  three  minutes 
alter  the  tc-^t  i-  made  iniiiiMits  an  alhtiniiniiria  of  ooo,?  per  cent.  Dihited  urints 
are  therrloro  tested  imlil  a  dihilion  is  obtained  in  which  the  ring  appears  in  this 
time.  The  li'-l  sbonld  be  perliirmed  very  carefnlly  The  side*  ni  the  tnbe  should 
not  be  wet  with  ihi;  nitric  acid,  and  the  nrme  should  be  added  slowly  from  a 
pipette 

Th:?  ,lo[cniiinei  at  the  ^ame  time  the  '"  nuch-n-albumin"  and  resinous  acids, 

'-  Di.'i[t>clitfs  med    Wiicheii^^chr..  1003,  ,\o,  19,  p.  33;. 
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In  the  Lahnstein  Method  the  specific  traviiy  oE  the  urin«  is  determined  bciorc 
and  afiet  the  aUiuniiii  i*  mnovttl  by  licai  ami  filtration.  Tlvc  diflferwice  multiplied 
by  an  experimental  coefEcient  give*  the  albumin  per  cent. 

It  is  often  necessary  to  rcmm-c  albunm  from  the  urine  before  con- 
tinuing willi  utiier  quantitative  work.  To  do  tliis  Hofmcistcrs  inclliod 
is  the  best.  To  ilie  urine  an  excess  ( lo  cc.)  of  sodium  acetate,  40  per 
cent,  and  concentrated  FcnCln  nrc  added,  nntil  the  wliole  is  of  a  red 
color.  Tlie  urine  is  liicn  neutralized  tir  very  faintiy  acidified  and 
then  boiled.  'Hie  precipitate  of  basic  ferric  acetate  will  carry  down 
with  it  all  of  the  albumin  and  leave  the  solution  albumin-  and  iron- 
free,  and  this  filters  beautifully.  This  method  cannot  Iw  used  if  glu- 
cose be  present,  since  some  ferric  (j,tide  ranains  in  solution, 

For  practical  purposes  it  is  sufficient  to  boil  and  to  add  acetic  acid 
until  the  precipitate  is  flocculent  and  the  fdtralc  clear.  The  filtrate 
may  be  further  tested  as  in  the  (piantitative  work.  The  urine  should 
then  be  restored  to  the  original  vohimc. 

■  Proteids  Present. — \W  Ai.nt'MiNfHiA  is  meant  the  presence  in  the 
urine  of  a  co-tgulablc  albumin  which  has  escaped  through  the  cortex 
of  the  kidney  { for  false  albuminuria,  see  page  214).  Nearly  always 
there  are  present  scnmi  albumin.  "  scrum  globulin,"  and  the  so-called 
"  nucleo-albutnin." 

The  Ai-si'MiN  QUOTIENT  IS  the  amoiuit  of  serum  albumin  divided 
by  the  amount  of  "scrum  globulin"  present  (IlofFniann).  This  quo- 
tient varies  considerably  in  various  cases,  and  in  the  same  cases  during 
s'arions  stages.  In  some  ca>es  senun  albumin  alone  has  been  found. 
Such  cases  were  one  of  cancer  of  the  stomach,  and  certain  cases  of 
nephritis  during,  however,  limited  periods.  Globulin  alone  has  been 
foitnd  in  one  case  of  acute  nepliriiin,  in  the  case  of  one  woman  during 
the  puerperimn,  and  in  one  case  of  leukaemia.  (For  "  uucleo-albtmnn." 
sec  |>aBe  201).) 

Serum  albumis  is  present  normally  even  to  22  to  78  mg.  per  i 
litre  (^fome^).  It  is  soltihle  in  water,  coagidated  by  heat  in  acid 
solution  at  a  temperature  varying  from  56  to  81"  C,  depending  on 
the  amount  of  sails  preseut.  especially  the  phosphates  also  the  urea, 
and  lastly  on  its  own  concentration:  it  is  coagidated  by  absolute 
alcohol,  wliich  coagiilum  is  soluble  in  water  unless  it  has  been  in  contact 
with  the  alcoliol  for  a  long  time,  Tliis  i<  rendered  even  more  ins'^Uible 
by  weaker  than  by  stronger  alcohol.  Tlie  solubility  of  this  coacuhim 
should  lie  borne  in  miml  by  all  dointr  quHntitativc  work  with  this  pre- 
cipitate, Semni  albumin  is  la^voroiatory  falj,  :=^  — 62,^*  C,  The 
albumin  plus  alkali  gives  a  soluble  body  which,  when  united  with  a 
base,  forms  an  albuminate  much  less  soluble  in  water  than  is  albumin, 
and  which  will  therefore  give  a  spontaneous  precipitate  of  albumin  in 
a  concentrated  urine. 
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Uie  ring  travels  upward  until  all  tliis  protcid  in  X\w  urine  has  beoi  pre- 
ciptlatcd  and  Ilicii  dissnlvt-d. 

It  is  this  body  which  tirst  led  to  the  belief  that  pruteids  were  nor* 
nul  constiliitnts  of  the  urine.  Two  other  and  contrary  views  were 
heUI.  on«  that  it  was  nuictis.  the  otlicr  that  it  was  nuclco-albnmin. 
hence  the  condition  was  not  a  true  albuniiiuiria :  now  many  behevc 
that  it  is  globulin  or  a  compound  of  scriini  albumin,  hence  is  a  true 
ubuniimiria.  A  pi-ccipitatc  on  th«  addition  of  acetic  acid  occurs  in 
the  nrine  in  a  great  number  of  conditions,  so  many  that  it  is  hard  lo 
classify  them,  and  cacli  writer  has  done  so  on  the  basis  of  his  idea 
of  its  nature.  Excluding  the  vesical  cases,  in  whieli  it  probably  u 
nuicus,  it  is  increased  in  the  new-born ;  in  adults  after  severe  exercise, 
nejihritis,  and  various  acute  rliseases.  especially  those  affecting  the  kid- 
neys; fevers.  es|)ccially  puenmonin  and  typhoid  (erysipelas,  pleurisy, 
relapsing  fever,  meningitis).  Its  increase  in  lcuk.-cmia,  reponcd  first 
by  Fr.  Mtiller,  is  of  interest  in  connection  with  the  idea  that  it  an>ie 
from  the  nuclei  of  the  leucocytes. 

Obenuayer  found  it  in  32  cases  of  jaundice,  the  amount  dciwnd- 
ing  on  the  intensity  of  jaundice  and  ceasing  with  it.  He  fotmd  it 
present  in  scarlet  fever  in  small  amounts,  diphtheria  in  the  greatest 
amounts  of  all,  in  connection  with  albuminuria  after  ]>oisons  affecting 
the  kidneys  (pyrogaliic  acid,  corrosive  sublimate,  etc.).  in  .icute  yel- 
low atrophy,  ami  after  coni])ression  of  the  thorax. 

lu  true  nephritis  it  may  precede  the  true  albuminuria  aiut  n\sa 
succeed  it.  and  remain  when,  by  severe  dieting,  etc.,  this  intermits, 
Madscn  considers  it  a  good  test  of  the  earliest  irritation  of  the 
kidneys.  Englobulin  and  fibrinogen  are  said  lo  be  the  chief  proteids 
in  amyloid  kidne)-. 

fn  orthostatic  albuminuria  this  may  \k  the  only  proteid  present,  or 
with  albumin  and  psendoglobniin.  In  febrile  albuminuria  it  ni.iy  ex- 
ceed in  amount  the  serum  albumin.  It  is  present  in  but  traces  in  chronic 
interstitial  nephritis.  When  the  blood-suiiply  of  the  kidney  of  aniniah 
is  cut  off.  this  l)ody  in  abundance  is  excreted,  sometimes  with  albumin, 
sometimes  not.  and  the  same  is  true  iu  partial  suffocation. 

PtiRF.  MV'CCs  is  present  in  the  normal  urine  in  traces  (4.5  gnis.  in 
260  litres).  This  may  be  found  in  two  portions. — an  insoluble  which 
gives  the  nubecula,  and  a  sohible  portion  precipitated  by  acetic  acid, 
which  is  only  a  very  small  fraction  of  the  whole.  Mucus  would  be 
expected  since  the  urinary  passages  are  lined  with  nuTcotis  membrane. 
and  hence  the  urine  will  gather  a  little  of  its  secretion  as  it  passes 
down  to  the  bladder.  This  nuicin  is  nuich  increased  in  catarrhal  con- 
ditions of  the  urinary  tract,  and  is  added  to  the  urine  as  a  gelatinous 
precipitate  as  this  passes  over  the  mucosa.  It  is  soluble  in  ammonia, 
precipitated  by  acetic  acid,  and  soluble  in  excess:   from  it  a  rc<liicing 


body  may  be  split  nff.  Ii  does  not  contain  nuclcin.  nor  c!ionilri>itin, 
hence  il  is  a  iiiiicin.  but  the  absenre  ol  the  slimy  diaiacler  of  itie  pre- 
cipitate with  acetic  acid  gives  it  tlic  icrm  "  mncoid."  It  resembles 
ovumiicoid  of  ibe  hen's  e^  ( Morner).  In  a  recent  case  of  prostatitis 
we  found  that  the  acetic  acid  precipitate  was  0.0O6  gin.  per  100  cc.  of 
urine.  The  urine  is  prccipitaterl  carcfulty  wiili  acetic  acid,  ami  rq)eat- 
etlly  filtered  through  a  weighed  fiber  till  the  filtrate  is  clear.  The 
precipitate  is  then  washeii  with  cold  water  acidulated  with  acetic  acid, 
dried,  and  weighed.  Another  nicthofl  giving  slightly  lower  results  is 
Ilie  following:  A  small  anioimt  (0.5  gm.)  of  Kiesclgiihr  is  dricil  at 
I  to''  C.  to  constant  weight,  mixed  with  the  urine,  ami  dric<l  with  the 
pa[>er  and  precipitate.  It  was  much  more  rapid  than  the  preceding. 
There  are.  however,  other  interesting  and  rare  cases  of  true  nmci- 
niiria  analogous  to  mucous  cohtis  and  fibrinous  bronchitis  with  casts 
I  to  to  cm.  long  and  3  to  4  mm.  thick  in  the  urine.  Such  was  v. 
Jakscb's  case  of  "  ureteritis  niembranacea"  in  which  a  spiral  cast 
of  the  ureter  of  nmcus  and  fibrin  was  voided ;  in  Frank's  case  it  was 
a  cast  of  the  pelvis  and  upper  ureter.  He  named  the  condition 
"  pyelitis  productiva."  Four  cases  are  on  rccnrd.  In  the  above 
cases  the  symptoms  of  the  expulsion  of  the  casts  resenilded  those 
of  renal  colic.    * 

From  the  study  of  many  cases  of  jaundice  Obcrmaycr  decided  that 
the  body  was  nucleoalbuinin.  and  hence  all  precipitates  with  acetic 
acid  were  considered  nucleoproteid. 

Xi'CLEO  Ai,BfMi.v  also  may  occur,  hut  it  is  not  the  body  that 
usually  goes  under  that  name,  and  il  never  ocairs  nnrnially.  Its  pres- 
ef>ce  has  been  claimed  as  due  to  the  breaking  down  of  the  cells  of  the 
urinary  tubules.  The  kidnc>-  is  a  very  rich  cellular  organ  and  the  dis- 
integration of  the  cells  would  lie  expected  to  set  free  a  certain  amount 
of  nuctco-albuniin.  Such  is  true  in  certain  cases  of  acute  nqihritis, 
the  one  condition  where  abundant  nncleo-albnniin  may  be  present; 
als<i  after  poisons  which  have  injured  the  kidney,  and  after  the  cir- 
culation of  the  kidney  has  lieen  stopped  for  a  short  time,  this  being 
the  first  protcid  to  appear!  ?^.  Its  origin  in  cases  of  jaundice  is  the  bile. 
Niu'Ie'v-albnmin  is  said  by  some  to  be  present  in  the  blood,  and  it  ts 
possible  that  a  certain  amount  reaches  the  urine  from  this  source.  It 
may  c«mc  from  catarrhal  conditions  of  the  urinary  tract  with  desqna- 
malion  of  the  superficial  cells  of  the  mucosa.  Such  is  true  in  cystitis  or 
pyelitis.  In  the  case  of  women  the  genital  tract  is  to  be  excluded  as 
a  source. 

It  will  be  seen  from  the  above  list  that  the  occurrence  of  nucleo- 
alhnmin  is  claimed  for  all  cases  in  which  theoretically  nucleoproteid 
could  occur;  hut  in  sonic  of  these  conditions  a  trt;c  albuminuria 
occurs,  and  in  others  in  which  nucleo-albumin  should  lie  present  in  large 
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amounts  (urines  containing  abundant  pus  and  epithelial  cells)  it  is 
hard  to  get  any  precipitate  at  all  on  adding  acetic  acid. 

It  is  very  clear,  to  one  reading  reports  of  cases,  that  in  very  few  has 
the  crucial  test  been  applied,  the  proof  that  it  is  a  phosphorus-containing 
body  which  acetic  acid  precipitated,  and  positive  results  would  have 
to  be  scrutinized  carefully,  since  it  would  be  very  easy  for  phosphorus 
to  be  an  admixture  from  the  urine. 

Again,  the  "  salting  out"  points  with  ammonium  sulphate  do  not 
quite  agree  with  those  of  true  nucleo-albumin  from  breaking  down 
tissue.  Matsumoto  gives  as  limits  of  its  precipitation,  minimal  o.  i  to 
O.8.  maximal  1.6  to  2.2.'"" 

To  prove  the  Ixidy  nucleo-albumin  it  should  be  insoluble  in  acetic 
acid,  precipitated  by  MgSO^,  when  boiled  with  dilute  mineral  acids 
give  off  no  reducing  substance,  and  on  peptic  digestion  should  give 
nuclein  and  contain  phosphorus,  but  the  last  two  tests  it  is  almost  im- 
possible to  apply  to  the  urine. 

Morner's  Body. — Work  which  seemed  very  convincing  and 
which  is  now  often  quoted  as  that  of  Momer,'"*  According  to  him 
most  of  the  so-called  nucleo-albumin  is  a  compound  of  true  serum  albu- 
min with  an  albumin-precipitating  body  which  is  formed  on  the  addi- 
tion of  acetic  acid.  Momer.  by  dialyzing  large  amounts  of  urine  and 
adding  i  to  2  parts  per  thousand  of  acetic  acid,  and  then  shaking 
with  chloroform,  obtained  a  precipitate  which  much  resembled  nucleo- 
albumin.  This  occurs  on  an  average  of  41  mg.  (22  to  78)  per  litre 
of  urine.  Further  investigation  showed  this  to  be  a  precipitate  of 
serum  albumin  with  chondroi  tin -sulphuric  acid,  which  was  always 
present  and  the  most  important,  nucleinic  acid,  which  is  sometimes 
present  in  traces,  and  taurocholic  acid,  which  is  also  sometimes  present 
in  traces,  but  which  in  the  case  of  jaundiced  urine  may  exceed  the 
others  in  amount.  Since  there  are  these  three  possible  combinations 
the  precipitates  will  differ.  If  after  removing  this  precipitate  a  little 
albumin  be  added  to  the  urine,  a  second  precipitate  results  of  about 
54  mg.  per  litre,  showing  that  these  albumin-precipitating  txidies  are 
in  excess.  Since  normally  in  excess,  any  increase  of  precipitate  would 
mean  an  increase<l  excretion  of  albumin.  The  greater  the  predomi- 
nance of  these  precipitationg  Imdies,  however,  the  more  does  the  pre- 
cipitate resemble  nucleo-albumin.  This  union  probably  occurs  after 
the  addition  of  acetic  acid,  .-\ccording  to  the  relation  between  them 
the  precipitate  will  resemble  nucleo-albumin  or  serum  albumin.  If 
the  albumin  predominates,  it  may  give  its  own  proper  tests.  These 
Ixidies,  and  their  relation,  will  explain  the  old  statements,  based  on  the 
common  experience,  that  "  a  true  albuminuria  is  sometimes  preceded 

'"■  M.iltiimolo.  Deat5clies  .Arch,  f.  klin.  Med..  1903.  vol,  Ijtxv.  p.  39S. 
"•Skand,.  Arch,  f,  Phjs..  vol,  vi,  p.  .1.12.  1895, 
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by  the  wccrction  of  a  body  precipiiaied  by  acetic  acid."  tliat  "  the  ex- 
cretion ol  nuicMS  may  precede  or  succeed  an  albiiiiiiiuiria."  ilie  Iwlicf  in 
a  "  physiological  albuminuria."  also  ilic  Dpimsing  belief  of  recent  years 
that  tliis  so-ca!Ictl  physiplogical  albuminuria  was  merely  a  nucleo-albu- 
mtnuria. 

Mutner   aicd   Uic   Follooitic  nietliod  Df  Holntion: 

Thr  Hilu  itiH)'  he  dialyicil  oiii  of  a  ]a.Tgt  roliimc  of  urine  snd  llicii  kceiic  acid 
i*  added.  J  ce.  per  lilr«  The  prccipilale  is  lliiii  dUwIved  in  n  little  water  and 
aKaiii  ptecipilaicd  with  acciic  .leitL  [t  may  then  bi-  tcMcd  for  the  presence  ot 
chondmiiin-iitlpUtiric  ncid  by  tiealitic  <iii  llie  walcr-batli  with  ;  per  cent.  HCl 
(or  3  lotiK  tmie  If  lioiti  Milphtuie  .leid  and  a  reducing  body  arc  preient.  this 
body  is  proliably  present  U  llie  rcdiiciiiR  body  is  deiii'insl  rated,  but  no  sulphuric 
acid,  ii  i*  proliably  niiicii!.  It  ihcre  i*  no  inlphuric  acid  and  no  rediicinit  body. 
and  the  precipilaic  tlien  be  diEcnlcd  u  ith  pepsin  and  oricanie  phosphorus  be  found, 
the  niKlciit  bases  may  be  dcrinnniiraicd  in  itic  products  of  digeilion.  Large 
atnounu  of  nrine.  howevrr.  must  be  used  for  its  deicciiop. 

This  explanation  of  Morncr.  sattsiactory  as  it  would  seem,  and 
evidctitly  based  on  very  carcftil  work,  has  received  little  confirmation. 
Stiiheliii  ""  in  one  case  of  jaundice  failed  to  find  any  of  the  "  albumin- 
precipitating  bodies,"  and  tlioiigbi  the  precipitate  resembled  tlie  glob- 
idiiis,  a  view  lield  by  Kr.  Miiller  in  1885:  also  in  the  acetic  acid  pre- 
cipitate of  tlic  urine  nf  a  eusc  of  pneumonia  willi  a  very  beavy  precipi- 
tate on  adding  this  acid,  no  phosphorus  could  be  detected.  Matsunioto 
fonml  it  chiefly  fibrinogen  and  eiinlobiilin  (see  paf;c  208),  Oswald  '" 
slitdted  carefnlly  this  precipitate  with  acetic  acid  in  the  urines  of  cyclic 
anmminnrics  and  nephritics.  and  decided  it  to  be  cuglohulin  and  a 
trace  of  fibrinogen.  These  occur  in  the  blood,  but  cannot  be  demon- 
str.ited  there  by  the  addition  of  acetic  acid,  since  the  salt  content  is 
too  low. 

Ii  is  lo  be  noted  thai  in  moit  of  ihc  above  work  small  .imount*  of  urine  were 
Bird,  iwi  the  UrRe  amounts  o{  Mr.mei;  aKBin,  that  msny  wdl  not  ajtrec  that  ihe 
limili  of  precipiiatinn  uilh  saiiiralcd  ammonium  lulphalc  are  alone  sul^cicnt 
for  the  recognition  of  3  proidd,  In  eonclution,  it  mny  be  slated  thai.  Iiowever 
the  present  conflict  tielween  Morncr  and  the  Hofniei^ier  achnol  may  he  xcillcd, 
li  aicree  ilul  there  a  a  constant  noitnal  physiolagioil  album initria"' 


IT 


n 


The  Nucleohiston  of  Lilienfeld  is  a  body  arising  from  the  break- 
ing down  of  leiicocytej*.  It  is  precipitated  by  acetic  acid  and  has  a 
high  phosphorus  content.  This  is  found  in  the  urine  especially  of 
leiikaemic  patients,  altbougb  its  appearance  is  not  alone  due  to  tlie 
breaking  down  of  these  cells. 


Atltumio.  t(  present,  i*  firnt  removed:   (he  prnieids  nf  the  urine  are  then  pre- 
dpiiated  with  alenhol.  the  precipitate  washed  in   liot  alcohol,  then  dissolved  in 

"*Miinch   mrd.  Wochen'Hir,.  igoa.  p   1413, 

'"  Zcilsehr.  f   d.  Kcsanit.  Btochem..  Bd.  v.  1004. 

'"  See,  also,  Cdlvn,  Zcitschr.  f.  Vlin,  Med-  190J,  vol.  It. 
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boiling  water,  cooled,  acidified  with  HO,  let  stand,  and  the  uric  acid  precipitate 
filtered  off.  To  the  fillralc  is  then  added  ammonia,  the  precipitate  collected  on 
a  small  filler,  washed  with  ammonia  till  the  wash-water  gives  no  biuret  reaction. 
The  precipitate  is  then  dissolved  in  acetic  acid  and  tested  for  hision.  This  gives 
the  biuret  reaction,  is  coagulated  by  heat,  and  this  coagulum  is  soluble  in  mineral 
acids.'" 

Fibrinuria. — Fibrinogen,  fibrinoglobulin,  occurs  rarely  in  any 
amounts  in  the  urine.  The  reactions  are  those  of  globulin,  since  this 
body  belongs  in  thai  group.  To  recognize  its  presence,  however,  is 
easy,  since  there  is  a  spontaneous  coagulation  on  standing. 

Excluding  those  cases  in  which  there  is  blood  in  the  urine,  fibrinu- 
ria is  rare.  It  occurs  in  chyluria  and  in  some  rare  cases  of  nephritis. 
In  some  cases  the  urine  clots  at  once  after  voiding,  the  clot  being  some- 
times firm  and  in  other  cases  gelatinous.  Or  this  may  occur  before 
voiding,  the  clots  being  casts  of  the  pelvis  of  the  kidney  or  from  the 
bladder  (the  term  fibrinuria,  of  course,  is  strictly  applicable  only  to 
these  latter  cases).  In  severe  inflammation  of  the  urinary  passages, 
the  bladder,  ureter,  or  pelvis  of  the  kidney,  these  clots  may  be  formed. 
The  reason  for  tJiis  is  not  known,  since  most  of  the  inflammatory  exu- 
dates do  not  coagulate.  We  have  seen  but  one  good  case, — a  woman 
admitted  during  the  last  hours  of  her  life  with  what  was  evidently 
chronic  parenchymatous  nephritis.  Only  about  s  cc.  of  urine  could 
be  obtained.  This  was  of  a  rather  cloudy  yellow  color;  no  blood 
grossly.  After  standing  for  a  few  minutes  it  clotted  to  a  solid  coagu- 
lum. In  the  decomposing  alkaline  urine,  such  as  occurs  in  alkaline 
catarrJi  of  the  urinary  passages,  masses  of  pus,  mucus,  and  bacteria 
may  be  voided  or  may  even  plug  tlie  passages,  and  resemble  fibrin 
casts. 

Fragments  of  tumoks  have  also  l>ecn  found  in  the  urine. 

Albuminuria. — Cases  of  albuminuria  may  be  divided  into  the  false 
and  the  true.  By  the  false  are  meant  those  in  which  the  urine,  as 
secreted  by  the  kidney  curtex  is  normal,  and  the  albumin  is  contrib- 
uted lower  in  the  urinary  passages,  either  as  an  inflammatory  exudate, 
or  lymph,  blood,  nr  chyle.  By  albuminuria  in  the  following  paragraphs 
is  meant  only  the  true. — that  is.  albtmiinuria  due  to  some  disturbance 
of  the  renal  epithelium,  especially  of  the  glomeruli,  not  of  the  blood 
capillaries;  the  latter  are  always  permeable  to  albumin,  and  the  great 
wonder  is  not  that  albumin  should  ever  pass  through  the  renal  epithe- 
lium, but  that  it  does  not  always.  Over  all  the  rest  of  the  body  exu- 
dates and  transudates  are  always  albuminous.  In  albuminuria  occur 
together  serum  albumin  and  "  serum  globulin."    (See  page  208.) 

Albuminuria  without  Definite  Renal  Lesion. — Concerning  physiologi- 
cal ALBL'MiNCRiA, — that  is,  the  constant  presence  of  a  proteid  in 
noniial  urines. — the  pendulum  has  swimg  several  times.  Posiier.  in 
"'See  Kolisch  and  Eurion,  Zcit.  f.  Win.  Med.,  1896,  Bd.  29,  P-  374- 
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9894,  iirst  claimed  the  presence  oi  scniiii  ;iil>iiiiiiii  v.i  all  iioniial  urines; 
1ms  WAA  believed  m  iitid  ttieii  duubied,  anO  again  accepted  'Ui  tlic  ba^is 
of  cenaiii  chemical  tests  for  albumin.  With  tlic  siiiiptised  denion^tra- 
tiiMi  tliat  tlicst  tests  indicated  ratlier  a  mucin  or  a  nucleo-albumin,  the 
pliysiologital  ulbnminnria  was  again  doubted,  until  rccciit  wurk,  par- 
ticularly that  of  Momcr  ami  that  stinuilated  by  him.  seems  to  have 
established  beyund  tioubt  the  jfrescncc  uf  a  small  amnitnt  nf  serum 
albuniiii,  or.  according  to  others,  euglubulin,  in  practically  all  normal 
urines. 

With  Spicgler's  reagent  it  is  liard  to  find  a  normal  person  with  a 
urnie  really  albumin-free,  'llie  absence  of  true  nncleo-aibunim  may 
be  considered  evidence  of  the  physinlngieal  nature  of  the  condition, 
showing  the  renal  cells  arc  not  yet  injured. 

If  this  is  the  case,  there  is  no  line  between  physiological  and  patho- 
logical albuminurias  except  that  of  amoiuit.  Ely  "  albiiniiiuiria"  ts 
ru>w  meant  a  coiidilion  in  which  serum  albumin  may  be  detected  by 
the  tests  accepted  in  common  use  as  standards,  and  the  cn-ses  with  small 
amounts  of  albumin  which  pass  unnoticed  by  these  tests  and  require 
special  technicjue  arc  uot  included.  Hofmeisler  gives  as  standard  that 
if  lieiler's  lest  shows  no  ring  iu  three  minutes  the  urine  is  to  be  con- 
sidered albumin-free. 

Hence  the  questiim  of  allmminnria  is  similar  in  that  of  glycosuria, 
very  small  amount  of  both  bodies  licing  normal,  but  disregarded 
unless  increascti  to  sufHciem  amount  to  give  the  tests  accepted  as  cri- 
teria, The  line,  however,  is  an  artificial  one  and  very  dirticult  to  draw. 
This  gives  the  teacher  considerable  difficulty  in  the  medical  school,  in 
hich  the  stu<leiits  are  taiighl  the  verj*  delicate  tests,  since  each  year 
a  few  discover  a  positive  albumin  test  in  their  urine  and  are  rendered 
^Vcry  unhappy  thereby. 

Concerning  this  proteid  of  normal  urine,  the  demonstration  of 
which  rc<iuires  ver>'  delicate  tests  or  the  use  of  large  amounts  of  urine, 

E;  |>agc  209. 
The  almve  is  the  only  correct  use  of  the  terni  physiological,  at- 
oiigh  this  is  wrongly  used  for  cases  of  albuminuria  in  the  apparently 
allhy.  By  albuminuria  in  the  following  pages  will  be  meant  an 
amnuiit  which  can  he  delected  in  the  test-tube  with  a  few  cubic  centi- 
metres of  urine. 

But  the  so-called  functional  albuminlria  is  a  different  matter, 
llic  term  "  functional"  Pa\7'  used  merely  in  contrast  to  "  structural," 
in  which  case  the  albuminuria  depen<led  on  anatoniical  changes  iu  the 
kt<Iney.  In  these  cases  ordinary  tests  are  used  and  a  smalt  amount  of 
urine,  and  concerning  the  presence  and  nature  nf  the  proteid  there  is 
no  doulil.  Senator  considers  that  the  albuminuria  is  Iridy  "  pliysio- 
ical"  or  "  fimctional"  when  the  albumin  occurs  in  small  amoiuilftim 
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young  men.  U  transitory,  tli«  further  history  of  that  person  uegalive. 
the  uriiic  oilKTwi:ic  normal,  and  its  occurrence  following  always  an 
linuMial  and  a(le<|uate  cause,  such  as  severe  nitisciilar  work  or  severe 
exercise  by  those  not  useil  to  il,  and  later,  when  trained,  its  ahsence. 
But  llicsc  cases  sliovild  be  placed  in  a  sC|jaratc  gruiji>  and  the  term 
"  physiological"  used  with  caution.  Sudi  cases  are  iionnal  n»en  who. 
after  unusual  exercise,  exertion,  exposure  to  cold,  nervous  stress,  or 
aflcr  unusually  iargc  protcid  meals,  show  a  temporary  aUntminuria. 
According  to  Senator  the  cau&e  must  be  extraordinary  for  that  per- 
son, and  later,  when  Uie  organism  is  used  to  it.  cause  no  esca)>e  of 
albuntin. 

Such  cases  were  first  described  for  soldiers,  many  of  the  raw  re- 
cruits showing  albumin  after  a  forced  march.  The  figures  first  given 
were  iGper  cent.,  then  59  per  cent.  1  Leube).  Later  examination  nf  ttie 
same  soldiers  shows  practically  every  one  albumin-frcc  {Flcnsljurgi, 

As  further  illustrations  showing  that  the  same  may  be  true  als<-> 
of  traiuL-d  men.  are  the  foi>t-liall  players,  in  whom  Maciarland'" 
found  in  practically  every  player  after  a  game  an  albuminuria  which 
lasted  for  the  most  part  but  three  to  four  hours.  Miiller  '"  showed 
tliat  of  bicycle  riders  after  races,  eight  of  eleven  slmwed  albumin,  ami 
seven  of  twelve  casts  of  all  descriptions  and  renal  epithelium.  'Hie 
urine  was  normal  on  the  day  following.  TIic  same  is  true  of  athletes, 
mountain  climbers,  bicycle  riders,  foot -ball  players,  those  persons  who 
exercise  severely  the  leg  and  thigh  muscles  especially  to  a  degree  lie- 
yond  that  to  which  they  .ire  accustomed,  and  later  arc  .able  to  stand  an 
equal  amount  without  the  same  result.  We  may  say  that  it  is  only  a 
que'ition  of  limit;  practically  every  one  cin  if  he  will  produce  albu- 
minuria, he  has  only  to  over-exert  himself  sufficiently.  Tlic  most  nor- 
mal man  in  every  sphere  of  life  must  still  observe  certain  limitations, 
and  the  question  comes.  Having  overstepped  these,  can  the  allmmimi- 
ria  which  results  he  tcnned  "physiological"?  Of  course,  the  limits 
for  persons  differ,  and  what  is  pliysiukigical  for  one  is  pathological 
for  another,  but  the  groups  of  rases  now  under  consideration  con- 
cern only  those  of  the  highest  physical  attainments. — trained  athletes, 
young  men  picked  fi)r  the  army,  etc.  The  fact  llial  Macfarland  found 
of  Iwent)'  fnot-haU  players  after  a  game  granular  casts  in  the  urine  of 
nineteen  and  blood-casts  or  corpuscles  in  six.  i.e..  the  demonstrattim 
of  every  element  of  acute  nephritis,  all  sorts  of  casts.  h;etnaturia. 
and  hwnoglobinuria.  is  excellent  evidence  that  for  a  while  at  least 
the  kidneys  were  not  normal. 

In  this  same  group  Senator  includes  case*  the  relation  of  which  to 
the  normal  iMJunds  of  the  physiological  it  is  more  diflficull  to  deter- 

"'  New  York  Mp<1,  Rec,.  iftj*.  vol.  xlvi.  p.  769. 
"*  Miincll.  iiHd.  Wochcnschr..  1896.  Nq.  48, 
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I  mine.  Anwiig  such  arc  albiimiiuirias  foUmviiig  violent  emotions  and 
F  anmmsiially  heavy  piuieid  meal.    Tiie  latter.  *' alimentary  albuniinu- 
ria."  is  a  fi)rm  consiilcrcil  doubttiil  l>y  soiiie.  that  is.  in  the  sense  that 
tlK  kidney  merely  excrett-s  aii  excess  uf  proieid  as  a  part  of  its  nnrinal 
■    fuiiciion  to  relieve  tlie  blood  of  siipcrthioiui  constituents,  as  it  does  for 
K  glUKw.    Among  soliHers.  licncc  men  umler  uniform  coii<btions.  Rapp 
Ktand  that   10.7  per  cem.  showed  albtiniiiniria  after  their  mid-day 
"^  Tool.    Kx]>erimems  show  that  a  I.Trgc  anioimi  (jf  ccn.iin  prntcids  (for 
imianec,  eight  or  more  raw  eggs)   will  in  sonic  apparently  normal 
persons,  but  not  all,  cause  atbuiiiiuuria ;  but  the  amount  ingested  must 
be  excessive,     .-\ftcr  much  smaller  amounts  the  egg  albumin  can  be 
•ietcaed  in  the  blood-plnsma.     In  nephritis  cases  sniidl  aniounls  are 
«cr«ed  through  the  kidneys.    The  output  for  normal  men  begins  in 
jlwut  two  hours  and  l.isis  four.""     This  is  confirmed  by  animal  ex- 
periments, but  the  daiionstnition  that  not  only  is  egg  albumin  excreted 
M  such,  but  serum  albumin  a*  well,  as  shown  chemically  and  by  the 
specific  prccipitines  (it  is  only  jnst  to  s.-iy  that  this  nictlmd  fprecipi- 
Jmes]  has  not  proved  vcrj-  satisfactorj-).  suggests  that  the  excess  of 
proteid  in  the  blood  may  have,  temporarily  at  least,  placed  the  kidneys 
in  a  patbolt^ica!  condition.    An  alimentary  albuminuria  is  claimed  for 
the  new-Wrn  whose  intestinal  nnieosa  has  not  yet  developed  that  im- 
pernwabiiity  to  foreign  proieids  which  later  is  present,  hence  the  albu- 
minuria when  fed  on  cow's  milk.  * 

Prolonged  cold  baths  will  cause  albuminuria.  Rem  Picci  "^  found 
from  r)bservations  on  one  Inmdred  and  fifteen  baihs  of  tliirly-five 
healthy  men  that  three  minutes  at  12^  to  13^  C.  or  fifteen  minutes  at 
1 5 '  to  20"  C.  ( n< me  at  20  ) .  caused  quite  regularly  a  relight  iransitorj- 
albtiminnria,  minimal  in  amount,  never  lasting  over  twenty-four 
hours,  with  casts,  and  generally  diuresis  with  increased  urea  and  chlor- 
t<le  output.  This  he  explained  from  reflex  nervous  influences  from 
the  skin.     It  is  sennn  albumin  in  the  urine. 

»MenLit  over-exertion  is  also  ctainic<l  as  .t  cansc  in  certain  cases. 
There  is  special  reason  for  the  albumin  to  appear  should  several 
of  these  predisposing  factors  iM-cur  simultaneously.  'Hie  intermittent 
nature  of  the  albuminuria  is  no  criterion,  since  a  truly  pathological 
case  may  intermit  considerably:  but  in  all  such  cases  nnist  be  emi)ha- 
sized  the  appearance  of  albumin  after  a  very  unusual  strain  or  occur- 
rence, and  one  adetpiate  to  explain  its  appearance;  also  its  very  tem- 
porary duration.  Senator  considers  that  if  the  amount  of  albumin 
excee<ls  0.4  to  0.5  gm.  per  litre  it  cannot  be  called  "  physiological." 

"*  For  reccfii  nritclff,  wt  Ascoli,  Miincli.  rneil.  Wochenschr..  1001.  Ko.  10,  and 
Iijouyp.  I>ciil*c!ic»  .\reli.  f.  klin  Med,,  iwJ.  Rd,  75;  and  on  ihe  op|in»it«  sitic  i>( 
the  iiuesiion  Ifmbcr,  Berl.  Itlin.  Wochtnichr,.  July  14.  looa:  (or  ihc  chemicat  side, 
SoIlRian  >nd  Brown,  Jntir,  of  F.xp  Med.,  March  17.  tgoa. 

•"S.  J..  J7i.  V-  ST.  tfltn- 
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Another  example  of  "  physiological"  albumin  is  the  albumi- 
nuria OF  THE  NEW-BORN.  Often  for  the  first  eight  or  ten  days  there 
is  a  slight  amount  of  albumin  with  hyaline  casts,  epithelial  cells,  and 
urates  present.  This  is  also  present  in  the  urine  fonnd  in  the  bladder 
of  stili-boni  children,  and  therefore  is  not  attributable  to  any  changed 
circulatory  or  metabolic  products  after  birth.  Ribbert  gave  as  an 
explanation  that  the  kidneys  at  birth  are  really  not  quite  "  finished," 
but  there  still  occurs  a  desquamation  of  epithelium  of  the  capsules  of 
the  glomeruli,  hence  with  the  albumin  occurs  nucleo-albumin  from 
these  cells. 

The  ALBUMINURIA  OP  WOMEN  IN  LABOR  should  be  Considered  as 
physiological.  Some  find  that  in  alwut  39  per  cent,  of  normal  cases 
this  is  present.  It  is  attributed  to  the  circulatory  changes  of  the  kid- 
ney due  to  the  work,  strain,  etc.  The  condition  of  the  kidney  is  doubt- 
less pathological,  but  the  cause  is  physiological,  and  the  albumin  usually 
disappears  at  once.  Little,"^  as  the  result  of  very  careful  work,  con- 
cludes that  albumin  is  present  in  the  catheterized  specimens  of  urine 
from  about  one-half  of  all  pregnant  women,  being  equally  frequent  in 
primiparas  and  multiparas.  Casts  occur  with  greater  relative  fre- 
quency in  multiparae.  During  labor  these  percentages  increase,  espe- 
cially in  primiparse.  This  may  be  due  to  the  muscular  work  and  in- 
crease of  blood-pressure  during  labor.  During  the  puerperiuni  the 
percentage  drops. 

"Albuminuria  of  adolescence"  (Gull),  "of  puberty,"  "acci- 
dental albuminuria,"  "  essential  albuminuria,"  "  physiological  albumi- 
nuria." "  Pavy's.  disease."  "  cyclic  albuminuria  of  the  apparently 
healthy,"  "  postural,"  "  orthotic,"  "  orthostatic."  and  "  intermittent 
albuminuria."  This  group  of  cases  is  of  far  greater  importance  and 
interest  than  the  preceding.  It  is  a  much  larger  group  than  was  im- 
agined, since  urinary  examinations  are  now  more  often  made  on  those 
apparently  sound,  by  insurance  com])anies,  army  inspectors,  and  as  a 
result  of  the  neurasthenia  resulting  from  advertisements  of  medicines. 
Insurance  men  say  that  of  the  "  norniai"  persons  examined  while  the 
temperature  is  abnve  90"  or  below  0°  F.,  5  per  cent,  show  albumin; 
at  other  times,  about  2  per  cent. 

This  group  is  of  persons  enjoying  reasonably  good  health,  whose 
urine  either  constantly  or  temporarily  contains  a  trace  of  albumin. 
Their  number  is  large,  and  they  certainly  can  be  divided  into  several 
groups,  which  classification  it  is  convenient  to  use,  although  the  present 
may  strike  entirely  beyond  the  bounds  of  evidence.  The  above  long 
list  of  names  shows  what  features  may  predominate.  Posner  proposes 
one  quite  satisfactory.  "  essential  albuminuria,"  since  the  albumin  is 
the  only  symptom  which  one  can  always  find. 

"'  Amer.  Jour,  of  Obstct.,  vol,  1.  No.  3,   1904. 
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Of  the  grotip  as  a  whole  it  niny  be  said  thai  it  includes  young 
I»er3tjiis  fUiriiig  adi>lcsc<nite  or  in  the  few  following  years,  who  arc 
often  not  ot  l)eM  lienlih.  and  not  roliiist  but  anemic,  often  cliiMren 
with  a  netintttc  family  history  and  with  unstable  vasomotor  system, 
who  sometimes  jtivc  in  their  historj'  such  diseases  as  scarlet  fever, 
<li]>litheria,  ct  al,,  whtcb  would  suggest  a  latent  nephritis,  who  may  con- 
tinue for  years  in  good  health  or  later  show  clear  signs  of  Hright's 
disease.  Common  to  all  is  the  absence  of  other  sijins  and  synip- 
t<iins  iif  kidney  Ironhle,  and  if  it  is  cyclic  or  intennittent  the  albiiinin 
appears  in  response  to  ordinary  acts  of  our  every-day  life,  that  is,  not 
to  an  unusual  or  ade(|nale  cause.  In  some  cases  it  is  said  to  follow 
walking  or  other  exercise,  in  others  a  heavy  meal.  It  is  sometimes 
a  family  disease,  three  children  in  one  family  showing  it  ^Lacour). 
In  this  group  arc  included  by  some  the  albuminuria  of  masturbators 
and  tliat  following  sextial  cxciteinem.  In  these  cases  it  may  be  pres- 
ent only  before  rising  in  the  morning.  Some  (Sir  Andrew  Clark 
and  others)  say  this  protcid  is  a  secretion  of  the  ureter  or  accessory 
glands. 

A  diagnosis  is  possible  only  after  long  careful  study  of  the  in- 
dividual case,  including  past  history  and  especially  the  physical  signs 
un  the  {uirt  of  the  heart  and  eyes,  and  even  then  the  autopsy  may 
re\'erse  the  diagnosis. 

If  there  be"  good  evidence  of  past  renat  disease  or  any  cardiac 
features  suggesting  it,  the  case  must  he  cnusidered  one  of  nephritis. 
The  specihc  gravity,  amount,  sediment,  etc..  of  the  urine  arc  im- 
portant in  diagnosis.  The  intermittent  nature  of  the  output  is  no 
criterion,  since  this  may  be  seen  in  true  chronic  nephritis;  nor  does 
the  presence  or  absence  of  casts  help,  since  hyaline  casts  may  occur 
whenever  albumin  does,  and  careful  search  shows  them  in  the  more 
truly  pliysiologieal  cases;  nor  does  the  typical  postural  ch.Tractcr,  for 
this  is  seen  in  eases  of  acute  nephritis  after  scarlet  fever  as  it  recedes 
fKnopfelmacher)  and  in  cases  of  chronic  interstitial  nephritis  and  of 
waxy  kidney. 

While  one  case  may  fall  in  any  one  or  several  of  the  following 
groups,  we  give  the  classification  to  emphasize  the  features  which  such 
cases  present. 

The  "  Ai.urMiNURiA  op  ai>olescexce"  is  a  form  separated  by 
I-eiibe  from  the  one  great  group.  It  occurs  between  the  ages  of  four- 
teen and  eighteen  years  and  then  disapiwars.  It  may  l>e  explained  by 
a  renal  insufficiency  relative  to  the  growing  organism,  the  kidney  not 
keeping  pace  with  the  physical  growth  and  activity,  together  with 
inst.iliility  of  the  vasomotor  centres.  In  this  group  occur  most 
of  the  cyclic  or  postural  cases,  not  all.  since  some  of  these  latter 
continue  to  adult  life,  and  not  all  the  cases  of  this  group  are  truly 
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postural.  The  element  of  heredity  is  very  important.  The  cases 
reported  by  Lominel  ""  woidd  fall  under  this  title,  since  the  question 
of  posture  was  little  considered.  Of  587  factory  workers  from  four- 
teen to  eighteen  years  old,  i8.g  per  cent,  showed  albuminuria  once 
or  many  times,  in  small  amounts  and  for  the  most  part  intermittent. 
Of  sediment  there  was  none,  or  at  the  most  a  few  hyaline  casts  and 
fatty  epithelial  cells  in  the  ccntrifugalized  specimen.  Of  130  pa- 
tients from  the  same  class,  but  over  twenty-five  years  old,  only  one 
showed  albuminuria.  Cardiac  and  vascular  disturbances  were  com- 
mon. Posner  emphasized  sexual  excesses  at  puberty  as  a  common 
cause.  Sutherland  '*"  emphasized  the  relation  between  this  form  and 
movable  kidney  present  in  one-third  of  his  cases,  and  so  common  in 
children. 

Cyclic  albuminuria  is  the  most  interesting  of  all.  This  form 
shows  a  remarkable  daily  cycle,  the  urine  l«ing  albumin-free  at  night 
and  when  the  patient  is  flat  on  his  back,  but  appears  when  he  stands  up. 
The  terms  orthostatic  or  postural  are  therefore  more  suitable.  It  is 
the  history,  extending  over  considerable  time,  and  the  negative  physical 
examination  which  permit  us  to  place  these  cases  among  the  functional 
albuminurias.  Other  cases  of  albuminuria  may  be  beautifully  cyclic, 
yet  definitely  pathological.  Such  is  seen  in  cases  of  beginning  nephri- 
tis, and  during  the  convalescence  it  is,  in  fact,  a  very  suggestive  sign 
of  Bright's  disease. 

The  rest  of  the  cyclic  cases  may  be  subdivided:  into  those  asso- 
ciated with  vasomotor  phenomena  and  with  the  neuropathic  element 
predominating;  those  with  circulatory  derangement,  as  congenital 
floating  kidney:  and  the  hereditary  form  (Mix).  As  a  rule,  the 
albumin  appears  after  rising,  and  readies  a  maximum  at  noon  or  from  4 
to  6  P.M.,  then  declines,  disappearing  from  8  to  10  P.M.  If  the 
patient  change  his  habits,  the  cycle  will  change  as  well.  Many  cases 
bear  little  or  no  relation  to  meals.  There  is  not  only  a  cycle  of  the 
albuminuria,  but  also  diminution  in  water  output,  and  the  sequence 
each  time  is,  increase  in  pigments,  of  albumin,  of  uric  acid,  lastly,  of 
urea  ( Teissier ) .  While  casts  are  rare,  yet  careful  search  will,  as  a  rule, 
show  them.  The  albuminuria  may  even  be  diminished  by  exercise  and 
fatigue,  hence  is  less  at  night  after  a  hard  day's  work.  Mix  '*'  has 
dividc<l  such  cases  into  the  intermittent  and  continuous,  the  terms 
applying  to  the  periods  over  which  the  daily  cycle  occurs.  In 
the  continuous  form  the  cycle  continues  for  years,  and  if  it  ceases 
does  not  recur.  These  cases  practically  never  develop"  in  Bright's 
disease.     The  adults  are  neurasthenics  with   vasomotor  paresis,  and 

'"Dcut^clH-?  .\rcli.   f.  klin.   Med..   190,1.  B(i.  78,  p.  S4i- 
"°.\m.  Jour,  of  llif  Mfii   Sci..  190J.  vol.  c.\xvi. 
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the  children  in  alunit  37.5  per  cent,  of  the  cases  liave  a  congenilnl 
movable  kidney. 

'Hiere  lias  Iwen  a  great  dispute  whether  siicli  cases  should  be 

Liidcred  as  patJioIogical  or  noi.  Tliey  are  rare.  Other  iransilnrj- 
albiiiiiiniirias  arc  certainly  pathol^Kical :  e.g..  tlinsc  of  fevers,  and 
even  in  these  cases  is  there  nut  always  a  siihsei|uciit  history.  Most 
writers  warn  against  considering  ihein  as  functional,  since  the  duty 
of  renal  cpitlicUum  is  to  retain  alhumin,  and   when  it  does  not  dn 

soitiethin;;  is  wrong.  Senator  says  the  |)atienls  are  chiefly  young 
people  at  pnlteriy  of  not  the  best  healtli ;  the>'  are  anieniic,  weak, 
an<l  faint  easily.  Arni.strong,'"  from  the  study  of  over  three  thou- 
sand sc!nM>l-boys.  found  this  form  in  ij  to  15  per  cent.  It  is  found 
more  in  summer  than  in  winter:  here(h"ty  is  often  present;  it  is 
often  associated  with  depression  of  spirits  and  fainting  spells,  espe- 
cially while  the  boy  is  i-tanding  idle,  not  when  occupied:  the  boy 
is  ai>atlietic,  with  a  heart  subject  to  intennitleut  attacks  of  dilata- 
tion and  p.ilpitation;  it  Jasts  only  durinij  puberty.  Posner's  case  was 
well  after  seventeen  years.  Such  may.  perhaps.  Ite  considered  as  ])er- 
sons  rcnatly  weak,  hence  like  certain  cases  of  glycosuria,  and  yet 
who  give  no  subsequeiH  history.  Senator  '^  still  insists  that  the  ma- 
jority of  these  cases  are  nephritis  either  at  onset  or  during  a  latent 
case.  Krehl.  having  followed  several  cases  over  a  long  period  of  time, 
considers  that  the  absence  of  subsetjnent  history  of  nephritis  allows  us 
to  consider  the  condition  hannlcss:  that  these  are  not  mild  eases  of 
Brigbi's  disease.  Broadhent  '^*  has  never  known  a  true  case  of  this 
form  to  develop  actiuil  renal  disease,  Tn  all  the  almve  cases  the 
amount  of  albumin  is  small,  the  amount  of  urine  nonnal,  with  the 
specific  gravity  normal ;  a  few  hyaline  casts  arc  sometimes  present : 
in  others  no  casts  are  found  at  any  time  after  careful  search:  and 
there  are  no  cardiovascular  changes.  The  immediate  cause  is  much 
in  dispute.  Perhaps  the  ciRnlat<iry  changes  due  to  change  in  posi- 
tion, which  certainly  do  occur,  is  the  most  reasonable.  Edel,  in  three 
vety  interesting  cases.  c:iUcd  attention  to  the  fact  that  ihc  albumin- 
free  intervals  in  these  cases  were  also  periods  of  diuresis.  This  was 
the  afternoon,  as  a  nde,  hecause  nf  tlie  mid-day  meal,  and  the  amount 
of  albumin  varied  roughly  inversely  to  the  amount  of  urine,  hence 
rliuresis  was  ihc  chief  thing  to  strive  for.  He  emphasised  the  rela- 
tion between  the  condition  of  the  urine  and  that  of  the  heart,  the 
albumin  being  absent  when  the  pulse  was  "  full."  Tliis  question  is 
best  studied  by  Eriangcr  and  Hooker,'"  who  found  that  the  amoimt 
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of  albumin  varied  inversely  as  the  pulse-pressure  (the  difference  be- 
tween the  maximum  and  minimum  arterial  pressure),  appearing- 
when  this  was  low. 

In  other  cases,  howe\er,  originally  considered  as  belonging  to 
this  group  the  continuance  of  albumin  with  the  presence  of  casts  and 
the  appearance  of  subsequent  cardio-vascular  changes  marks  the  case 
as  one  of  Bright's  disease  from  the  onset. 

The  HYPOSTATIC  ALBUMINURIA  of  splenic  origin  occurring  in 
some  persons  with  enlarged  spleens  while  recumbent,  and  absent  while 
erect,  is,  Rolleston  thinks,  the  opposite  of  cyclic  albuminuria.  Since 
it  is  not  seen  in  all  with  enlarged  spleens  nor  in  those  with  the  largest, 
some  other  factor  is  necessary.  The  pressure  on  the  left  renal  vein 
may  explain  it.  It  may  resemble  the  albuminuria  in  the  chronic  pas- 
sive congestion  of  mitral  disease. 

Albuminuria  Minima  (Lecorche  and  Talamon). — Under  this 
group  are  included  cases  with  a  constant  trace  of  albumin,  almost 
never  0.5  gm.  per  litre.  The  output  is  quite  constant  in  amount,  vary- 
ing little  with  the  position  of  the  patient,  the  time  of  day,  diet,  etc. 
For  each  case,  however,  there  may  be  some  factor  which  causes 
an  increased  output.  Some  such  cases  are  quite  certainly  the  result 
of  a  preceding  acute  nephritis,  a  residuum  as  it  were.  Their  prog- 
nosis is  uncertain  ami  must  be  guarded,  for  some  develop  to  true 
nephritis.  Others  remain  the  same  for  years  with  no  further  symp- 
toms. 

Under  this  group  the  French  put  the  post-infectious  cases,  albu- 
minuric residuale.  albuminuric  paracellaires  (or  insular  nephritis), 
albuminuric  cicatricielle  (due  to  imperfect  healing,  leaving  a  "  scar") ; 
also  the  albuminuria  of  adolescence,  the  hereditary  form,  albuminuric 
phosphatnrique,  and  the  albuniinurie  pregoutteuse. 

Intermittent  albuminurias  are  those  in  which  periods  with 
albumin  are  followed  by  others  with  clear  urine.  This  term  does  not 
include  the  cyclic  or  postural,  which  terms  are  limited  to  those  with 
daily  periodicity,  while  the  periotls  of  the  intermittent  may  extend 
over  weeks  and  months  or  years.  The  term  "  intermittent"  is  more 
applied  to  case.;  of  temporary  albuminuria  due  to  a  known  cause. 
These  cases  are  usually  of  insidious  nephritis,  and  give  a  history  of 
some  acute  in fectinus_  disease.  But  one  of  the  best  illustrations  is  the 
albuminuria  accompanying  heart  disease,  the  patients  admitted  many 
times  with  broken  compensation  and  albumin  and  casts,  but  soon  are 
album  in -free. 

The  iutcrmittciil   hereditary   form    includes,   according   to    some. 
many  cases  of  the  albuminuria  of  adolescence,  the  cases  showing  none 
in  adult  life  except  in  response  to  fairly  adequate  cause.'*"     In  some 
'"Dteiilatoy.  Loiide,  Arch.  gen.  de  tried.,  n.  s..  II,  3.  p.  257,  1899. 
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cases  the  parents  were  albuminuric  during  youth,  while  of  others  the 
ti^urutic  faniiiy  history  alune  is  evident. 

TrauniBtic  AlbuminurlL — Transilory  albuminuria  follows  injury  to 
ilie  brain.  a|>ip!exy  r.^.;  after  injuries  crushing  ihc  ki(lnc)'.s  itic  albu- 
minuna  and  casts  may  continue  for  a  long  lime  wiUi  no  other  signs 
of  nephritis.  This  may  explain  some  cases  of  benign  latent  contracted 
lti<incys  (Stern.  Curschniann).  Mcngc  "'  found  ihai  even  bimanual 
palpation  of  the  kidney  in  physical  examination  will  in  15  of  21  cases 
I  Ui»e  a  transitory  albuminuria  lasthig  usually  from  one  to  twenty- 
:  four  hours  at  the  most,  and  in  some  cases  a  slight  Iiajmalnria.  .Any- 
Ihirtg  obstructing  renal  venous  flow,  as  in  movable  kidney  during  the 
crises,  may  cauite  albuminuria  and  cylin<lrurta. 

Febrile  Albuminuria. — During  any  acute  lever,  but  especially  pncu- 
nronia,  typhoid,  malaria,  acute  articular  rlieuniatisni.  gnppc.  or  even 
lonsillilis,  there  may  Iw  a  slight  albuminuria,  sinniitaneoui  with  the 
rise  in  temperature  and  disappearing  wilh  its  drop.  In  such  cases  the 
cloudy  renal  q>illicliuiu.  ilie  faintest  grade  of  inflammation  (  Lcyden), 
b  considered  the  anatoniicnil  basis.  The  amount  is  usually  small,  but 
sometimes  much.  Hy.iline  and  epithelial  casts  arc  sometimes  found, 
but  no  other  formed  elements  indicating  inflaniniation.  In  general  it 
is  only  a  matter  of  degree  which  separates  such  from  true  cases  of 
nephritis. 

Under  haemaiotenoas  albuminuria  is  included  a  very  confusing  group 
of  non-febrile  cases  without  at  autopsy  renal  lesions,  except,  perhaps, 
slight  pareuctiyniatous  changes.  Among  this  group  are  purpura, 
scun'y,  chronic  lead  or  mercury  poisoning,  hies,  leuk^nia.  cachexias, 
atul  amvniias  in  which  the  albuminuria  is  always  slight  and  occurs 
only  when  these  conditions  are  severe,  cholarmia.  Elycosacinia,  and 
after  ether  and  chlornfomi  narcosis. 

Strictly  S|>e3king,  "  harmatogeiious  albuminuria"  should  mean  one 
in  which,  either  due  to  some  alteration  of  a  nomia!  proteid  of  (he 
blood,  or  because  it  is  foreign,  a  proteid  unsuitable  for  use  is  ex- 
creted. All  cases  with  the  possibility  of  the  presence  of  a  toxic  in- 
fluence on  the  kidneys,  for  instance,  lead,  mercury  poisoning,  etc., 
should  be  excluded,  since  such  would  have  a  tnily  renal  origin.  It 
is  true  that  foreign  proteids  in  the  scrum  arc  excreted,  e.g.,  albiunoses. 
^g  albumin.  pe])tonc.  casein,  free  hremoglobin,  etc.  Some  consider 
tliat  in  all  cases  of  albuminuria  such  is  the  case,  an  abnormal  proteid 
or  a  normal  one  rendered  unfit  for  further  use  being  merely  excreted. 
Yet  in  cases  of  true  nephritis  there  is  no  evidence  of  a  foreign  proteid 
or  qualitative  change  of  the  normal  proieid.  It  is  suggested,  however, 
that  quantitative  changes  either  of  proteids  or  salts  could  explain  the 
albuminuria.  But  more  prnbiibly  the  real  cause  is  in  the  cells  them- 
"*  Munch,  med.  Wochcnschr..  June  s.  "000, 
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selves,  the  renal  ir|)ithe!iuiii  being  exceedingly  sensitive  to  changes  in 
ils  ntitrition.  and  llial  a  iruc  li.tniaiogcnt)us  albuminuria  is  not  proved. 

The  Nervous  Porm. — Ejiilcpsy,  apoiilcxy,  tetanus,  exophthalmic 
goitre,  injuries  to  the  head,  delirinin  tremens,  various  psychoses,  even 
neurastlicnia  and  migraine  may  lie  accompanieit  hy  a  slight  transitorj' 
allniniinun'a.  In  some  cases  there  are  a  few  casts  present.  Interest- 
ingly enough  in  other  cases  only  casts  are  to  be  found-  We  followed 
tile  urine  of  such  a  case  in  a  Iwy  fourteen  years  old  with  hysterical 
attacks.  A  very  transitory  albuminuria  cannot  be  excluded,  since  the 
urine  may  not  liave  been  examined  early  enough.  The  cyhndruria 
lasted  for  several  ^vceks. 

Cases  of  closure  of  the  ureter,  retention  of  urine  in  the  bladder, 
compression  of  the  thorax,  have  been  accompanied  by  albuminuria: 
digestive  disturbances,  as  obstruction  of  the  bowel  (a  reflex  cause 
being  assumed  as  in  cases  of  strangulation  of  bowd  or  omcniutn;'") 
acute  diarrlkea.  constipation,  and  liver  disease  are  sometimes  given  a 
causes.  In  two-ibircls  of  ihc  eases  the  albumin  disappears  after  the 
obstnictiou  is  relieved  even  though  the  bowel  has  been  rendered  gaij- 
grenous.  The  cause  is  uncertain.  It  is  probably  not  the  absorption  of 
any  bodies,  since  in  peritonitis,  where  there  would  be  a  similar  absorp- 
tion, the  albuminuria  does  not  occur.    Such  cases  are  transitory'. 

Albuminuria  with  Definile  Renal  Lesions. -~ln  acti\'e  renal  congestion, 
as  afler  exposure  lo  cold,  or  in  chronic  passive  congestion  due  to  heart 
or  lung  disease,  tumors,  or  pregnancy,  albumin  may  lie  present,  yet 
no  other  renal  lesion  found.  As  a  rule  the  albumin  is  little  and  its 
aniounl  is  parallel  to  the  amount  of  urine,  while  in  the  case  of  true 
nephritis  the  amnuni  varies  inversely  as  the  amotmt  of  urine  as  a  rule. 
In  chilflren  albuminuria  may  accompany  the  simple  hyijer.-cmia  in  diph- 
theria, e.g.,  which  may  then  stop  or  develop  into  a  nephritis. 

Oroanic  Bright's  disease  of  all  varieties  is  accompanied  by  albu- 
minuria at  some  time  during  its  course.  It  is  interesting  that  there 
is  no  parallelism  between  the  amounts  of  albumin  and  the  severity  of 
the  nephritis.  In  the  chronic  interstitial  nephritis  ending  in  urxmia 
it  may  l)c  present  in  traces.  In  other  cases  periods  with  traces  may 
alternate  with  niondis  when  there  are  none.  In  general  ihe  rule  is 
that  the  more  acute  the  case  the  larger  the  percentage  of  albumin.  In 
all  cases  it  is.  however,  more  a  matter  of  percentage  than  of  total 
albumin;  f<ir  to  excrete  a  larger  amount  of  urine  with  a  lower  per- 
centage of  albumin  Is  evidence  of  a  better  renal  condition  than  pre- 
viously when  the  percentage  was  higher  but  the  total  output  much 
smaller  since  the  output  of  urine  was  diminished.  In  some  cases 
definitely  iicute  there  may  lie  no  albuminuria. •*•    In  nephritis  also  the 

■■  Neumann.  Tmns   Clin,  Soe.  of  I.t)nd..  tSg?.  Bd  30.  p.  65. 
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THE   URINE:    ALBUMOSURIA  225 

percentage  of  albumin  varies,  as  a  rule,  inversely  to  the  amount  of 
urine.  The  albumin  is  seldom  present  in  amounts  of  more  than  i  per 
cent.  Sometimes  it  reaches  2  per  cent.,  while  in  very  rare  cases  5  per 
cent,  or,  in  one  case,  8  per  cent.  Senator  mentions  a  case  of  subacute 
nephritis  with  a  percentage  of  from  6  to  8  per  cent,  over  a  period  of 
some  days.  Cases  with  the  largest  amounts  of  albumin  output  are  inter- 
esting enough  often  due  to  lues.  These  cases  of  nephritis  syphilitica 
acuta  pr3eco.\  are  rare,  but  between  20  and  25  are  recorded.  In  Hoff- 
mann's case  the  enormous  albuminuria  ran  parallel  to  the  hietic  symp- 
tom and  improved  under  mercurial  treatment, 

Salkowski's  case  ^^"  is  especially  interesting.  The  urine  had  a 
specific  gravity  of  1056,  and  7  per  cent,  proteid.  On  standing,  there 
was  deposited  a  rich  white  amorphous  precipitate,  not  a  coagulum, 
of  a  proteid  giving  reactions  between  globulin  and  an  albuminate,  and 
which  after  standing  gave  those  of  albumin.  This  same  case  on  an- 
other day  showed  even  8,5  per  cent,  albumin  (the  blood  contains  but 
about  7.5  per  cent,  of  proteid). 

The  total  output  of  albumin  is  seldom  great,  that  is,  more  than  from  ■ 
I  to  20  gms.    The  deleterious  effects  of  the  nepliritis  caimot  be  attrib- 
uted to  the  actual  loss  of  albumin,  since  this  loss,  as  a  rule,  can  be 
easily  covered  by  one  good  meal.     In  amyloid  disease  the  albumin  may 
be  much  or  almost  none ;  as  a  rule  from  0.5  to  0.05  per  cent. 

This  albuminuria  varies  much,  there  being  definite  waves  in  the 
output.  At  first  indiscretion  in  diet  increases  it,  proliahly  by  intensify- 
ing the  acute  element  of  the  process,  later  a  more  libera!  diet  may 
improve  the  condition.  In  some  cases  it  would  seem  as  if  meat  were 
not  as  harmful  as  vegetables,  perhaps  due  to  the  salts  of  the  latter. 
The  albumin  is  increased  by  the  erect  jKisture.  but  this  does  not  explain 
its  increase  during  the  waking  hours,  since  the  same  curve  is  pre- 
sente<l  by  patients  who  are  semierect  all  the  time  as  by  those  who  can 
rest  recumbent.  Exercise  of  any  kind,  even  massage  (Edgren),  in- 
creases the  output. 

A  pure  milk  diet  sufficient  to  cover  the  heat-needs  is  injurious. 
causing  even  hrcmaturia,  and  should  be  varied  with  other  nitrogenous 
foods. 

"  Hetero-albumosuria."  Bence- Jones'  Body.  "  Kahler's  Dis- 
ease." "  Myelopathic  Albuminosuria  of  Bradshaw." — This  body, 
which  occurs  in  certain  rare  cf>nditinns  in  the  urine  in  very  large 
amounts,  was  supposed,  from  some  of  its  chemical  properties,  to  be- 
long to  ihe  hetero-al  bum  OSes.  Some  recent  work,  for  instance  that  of 
Mngnus-l.evy  who  obtained  it  cry-'^taUine,  showed  that  it  is  nearly  re- 
lated to  genuine  albumin.  .'Xmong  other  reasons  for  ilii'i  is  Ihat  its  J 
digestion  products  include  all  the  primary  |>roteoscs  except  hetero 
"  Berl.  kiin.  WoclK-nwhr.,  Marcli  3,  1902. 
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albumose.  This  throws  considerable  doubt  on  the  belief  that  this  is 
a  primary  digestive  product  of  digestion.  Lindemann  concludes  thai 
while  it  cannot  without  objections  be  put  in  any  group  of  proteids  it 
is  nearest  the  true  albumins.  Dechaume  considers  it  a  mixture  of  at 
least  three  proteids  (or  groups  of  proteids), — proto-albumose,  dysal- 
bumose,  and  a  body  like  hetero-albumose.  In  1903  but  about  35  well 
reported  cases  had  been  published.  In  all  but  one  (Askanasy),  and 
this  a  case  of  lymphatic  leukaemia,  the  condition  has  been  of  muUiple 
myelomata.  In  all  cases  there  is  extensive  disease  of  the  marrow. 
Such  cases  run  a  rather  acute  course  with  a  fatal  termination  in  from 
one-fourth  to  one  and  a  half  years. 

The  Bence-Jones'  body  is  present  in  large  amounts  often,  even  7 
per  cent.,  but  the  majority  below  i  per  cent.  Some  cases  are  re|x>rted 
as  intermittent  (Boston).  Coriat  ""  reported  a  case  with  none  in 
the  urine,  but  4  per  cent,  in  the  pleural  fluid. 

Reactions. — The  specific  reaction  is  that  on  warming  there  de- 
velops at  a  low  temperature  (about  60°  C,  often  52")  a  milky,  then 
heavy,  sticky  precipitate,  which  disapjrears  for  the  most  part  and  in 
some  cases  perfectly  on  bringing  to  a  boil,  and  reappears  on  cooling. 
The  urine  must  first  be  rendered  acid  with  acetic  acid.  This  being 
the  characteristic  reaction,  the  name  suggested  by  Hiigounenq  for  the 
condition  "  thermolytic  albuminuria"  ("  albumimirie  thermolytiqne") 
is  very  appropriate. 

On  adding  nitric  acid  to  the  urine  a  heavy  precipitate  forms  which 
is  soluble  on  warming  and  reappears  on  cooling. 

The  urine  may  be  saturated  with  (NH4),S04  at  100°  C.  filtered; 
the  precipitate  washed  with  saturated  (\'H4)jS04.  The  precipitate 
is  then  dissolved  in  water  or  dilute  NaCl  sohition  and  the  biuret  test 
applied.     The  urine  gives  the  biuret  reaction  directly. 

These  are  most  striking  reactions  and  attract  attention  at  once. 
The  precipitate  appears  at  a  moderately  low  temperature,  which  de- 
pends on  the  amount  present,  also  on  the  salt  content  of  the  urine. 
While  a  definite  temi}erature  cannot  be  stated,  it  is  in  general  below 
60°  C.  In  the  different  cases  the  properties  of  the  substance  found 
have  differed  so  much  that  either  they  were  different  liodies  or  were 
not  tested  pure,  or.  what  is  the  present  view,  the  various  amounts  of 
salts  and  urea  affected  tlic  tests.    The  urine  may  be  turbid  when  voided. 

Boston  '^^  propnsed  the  following  test  based  on  the  large  amount 
of  loosely  hound  su!]>hur  it  contains.  From  [5  to  20  cc.  of  urine  in 
a  test-tube  are  mixed  with  an  e(|nal  amount  of  saturated  NaCl  and 
shaken  to  a  perfect  mixture.  Then  2  to  3  cc.  of  30  per  cent.  XaOH 
are  added  and  the  tube  shaken  hard.    The  urine  at  the  top  of  the  tube 

'"  .^111.  Jour.   Mc<i.   Sci..   iqo.?.   vol.   Mxvi, 
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is  then  lieated  to  boiling  and  PbAc  solution  ( lo  per  cent.)  added  drop 
by  drop,  heating  after  each  drop.  In  one-half  to  one  minute  one  gets 
a  brown  colorturning  to  black. 

The  output  of  this  body  is  quite  constant  during  the  day  and  is 
not  affected  by  diet,  hence  it  is  probably  not  a  non-nssiniilated  product 
of  digestion.  It  seems  to  be  formed  in  the  bone-marrow.  Some  con- 
nection with  the  granules  of  the  myelocytes  and  tumor  cells  is  sug- 
gested. 

This  albumose  can  be  demonstrated  in  ascitic  fluid,  blood,  and 
bone-marrow. 

Quantitatively  the  Esbach  tube  will  give  an  approximate  deter- 
mination. 

For  recent  literature  concerning  the  nature  of  the  substance  the 
reader  is  referred  to  Simon. '^^ 

Albumosuria,  "  Ptptonuria." — Under  this  term  at  least  two  differ- 
ent groups  of  bodies  have  been  described,— the  alx>ve-mentioned  rare 
so-called  "  Bence- Jones'  body,"  which  because  of  its  many  reactions 
was  counted  with  the  primary  proteoses,  and  a  group  of  bodies  having 
nothing  in  common  with  the  above,  formerly  called  peptones,  a  name 
based  on  Briicke's  definition  as  a  proteid  not  precipitated  by  K^FeCNg 
and  acetic  acid.  By  "  peptone"  is  now  generally  understO(Hl  one  not 
precipitated  by  complete  saturation  with  (NH4)2S04  (Kiihne),  and 
judged  by  this  standard  these  bodies  are  chiefly  dcutero-albnmoses, 
hence  the  name  "  peptonuria"  is  le,ss  used  and  "  albumosuria"  has 
taken  its  place.  Yet  this  criterion  is  not  satisfactory  (Xenmeister) ; 
also  true  peptone  judged  by  it  has  been  demonstratetl  in  the  albu- 
mosuria of  croupous  pneumonia  and  other  diseases,  as  the  puer- 
perium,  ulcer  of  the  stomach,  and  pulmonary  tulierculosis.  It  occurs 
always  with  albumose  (the  reverse  is  not  true).'^* 

In  testing  for  the  deutero-albumoscs  the  urine  should  l>e  albumin- 
free,  and  if  this  is  not  the  case  it  should  be  made  so  by  the  Hofmeister 
method.     Momer's  body  may  be  precipitated  by  basic  lead  acetate. 

An  easy  test  is  to  saturate  the  urine  with  ammonium  sulphate,  a 
floccutent  precipitate  indicating  albumose. 

A  good  preliminary  test  for  the  dcutero-albumoses  is  that  of  Hof- 
mei.ster.  To  the  urine  is  added  one-fifth  volume  of  concentrated 
acetic  acid  and  then  phosphotuugstic  acid.  If  the  urine  remains 
clear  after  standing  for  some  time,  these  Ix^dies  are  nnt  present. 
while  a  milky  cloud  at  once  or  in  about  ten  minutes  Tiidicates  them. 
This  te.st  is  valuable  if  positive,  but  not  if  negative. 

The  biuret  test  is  that  usually  used.  According  to  Hofmeister  the 
albumose   is   first   precipitated    with    tannic   acid   or   phosiiholungstic 

™  .^nl.  Jour.  Med.  Sci..  1002.  vil.  cxxiii,  p.  g.io. 
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acid.  The  precipitate  is  dissolved  in  a  little  water  and  the  concentrated 
solution  tested.  NaOH  or  KOH  are  added  in  excess  and  then  very 
dilute  CUSO4.  Deutero-albiimoses  are  indicated  by  a  violet-red  color. 
it  may  be  necessary  to  filter  off  the  precipitate  of  Cu(OH)2.  If  this 
test  be  applied  to  the  urine  directly,  the  color  obtained  is  a  red  or  a 
reddish-brown,  the  violet  being  obscured  by  the  color  of  the  urine. 
The  test  may  also  he  performed  as  a  contact  test,  the  urine  being 
rendered  alkaline  and  then  carefully  super iniixjsed  by  a  dilute  CuSOj 
(5  cc.  of  a  saturated  solution  to  i  litre  of  water). 

For  a  posilive  test  the  albumose  must  be  isolated.  This  may  be  done  with 
phosphotungstic  acid,  which  will  allow  o.i  gm.  per  litre  to  be  delected,  or  tannic 
acid,  somewhat  less  delicate.  Albumin  and  "  niteleo-albumin"  must  first  be  removed 
with  basic  lead  acetate. 

Salkowski's  melllod.  This  was  designed  to  delect  small  amounts  of  albumoses. 
To  50  cc.  of  urine  in  a  beaker  is  added  S  cc.  of  concentrated  HCI  or  acetic  acid. 
It  i,s  then  precipitated  with  phosphotung«ic  acid  and  warmed  over  the  free 
flame;  the  precipitate  collects  as  a  lough  resinous  mass  at  the  base  of  the  beaker. 
The  supernatant  fluid  is  decanted  and  the  precipitate  washed  with  distilled  watet 
a  few  limes  (twice),  being  careful  that  none  be  lost.  On  the  precipitate  is  then 
poured  8  cc.  of  water  plus  0.5  cc.  of  NaOH  (sp,  gr.  1,16).  It  dissolves  readily.  The 
blue  solution  is  then  warmed  until  clear.  More  NaOH  is  added  if  necessary, 
since  the  mixture  is  often  of  a  dirty  grayish-yellow  color  and  cloudy.  The  solu- 
tion is  then  cooled  and  the  biuret  lest  applied  by  adding  in  a  lest-tube  a  few 
drops  of  2  per  cent,  CuSO..  Before  applying  the  biuret  test  Sahli  recommends  that 
the  colored  fluid  be  cleared  with  Bad:.  Urobilin,  if  found  with  the  speeiroscope, 
must  be  removed,  and  may  be  extracted  with  amyl  alcohol,  Sahli  says  ihat  it 
is  completely  enough  precipitated  with  CaCI,.  The  test  may  be  performed  in  five 
minutes.  The  .-imall  amount  of  urine  used  minimizes  the  danger  of  mistake  with 
"  nucleo-albiimin," 

Another  method  i.s  as  follows:  To  the  tirine  i,s  added  0,1  volume  of  concen- 
trated HCI.  then  PWo  acid,  again  HCI.  and  again  PWo  acid,  until  neither  gives 
any  more  precipitate.  The  urine  is  then  filtered  nt  imcc  before  uric  acid  pre- 
cipitates. The  prccii>itate  is  w.nslicd  nii  the  filler  with  H=SOi  (3  10  5  volume? 
concentrated  HjSO.  in  100  cc,  iif  water)  until  the  wash-waier  runs  colorless.  Thu 
moist  prccipiinie  i-;  ihcn  nihbcil  up  with  dry  Ba(OIl)j  in  c.xccs,s,  A  little  water 
is  then  added  and  the  warm  dilution  filtered.  It  heated  loo  nmch  the  solution 
becomes  dark.  The  peptone  .solulion  i^;  always  yellow.  The  biuret  lest  is  then 
applied  and  a  rvd  color  obtained  if  albumose  be  present.  In  this  case  the  le-t  is 
best  performed  a->  a  contact  tc>t,  since  ihe  BaSO,  iirecipiialcs  and  settles, 

Hammarslcn  recoiiinicnd.s  the  folluMuis  methoii.  «liie1i  has  been  modified  hy 
Rang:  Ten  part-  of  urine  plus  R  part<  of  saturated  ainnir>ninm  sulphate  arc  heated 
In  boiling  for  a  few  scronds.  The  hot  fluid  is  then  cenlrifuR.ili^cd  from  one-half 
to  one  iiiiiHltc  ,^nd  decanted.  From  the  precipitate  is  extracted  the  urobilin  with 
alcohol,  TIic  residue  is  then  taken  up  with  liiile  water,  heated  lo  boiling  and 
filtered.  This  removes  the  allmmin.  It  is  then  shaken  out  with  chloroform  to 
remove  the  last  trace  of  urobilin.  The  chloroform  is  ihcn  pipetted  off  and  the 
water  tested  with  the  biuret  for  the  presence  of  alt>umo«e.  This  is  a  very  practical 
clinienl  incthoil. 

.MdiT,'  ■  after  criticTsiiin  all  llie  procediuE;,  recnnimeiiils  ihe  following  as  more 
accurate  ,Mlniniiii  if  present  is  removed  by  trichloracetic  acid  (15  per  cent.l. 
To  6  lo  10  cc.  of  urine  in  a  te-t-lidic  arc  .idikcl  I  I"  J  drops  of  HCI  till  acid,  then 
5  per  cent.  pbospboinuBStic  acid  till  complete  preripitation.  The  fluid  is  then 
cenlrifugalizcd   for  a   low   jecon.ls.     The   snpernalanl   fluid   i,-.  poured  off,  the  sedi- 

'"  lierl.  klin.  Windieiisrhr,.  iP'K),  pp.  764.  780 
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ftnt  suspended  in  absolute  alcohol,  and  again  centrifugalized.    This  is  repeated  till 

'lie  sediment  and  the  alcohol   (colored  yellow  with  urobilin)   are  white  and  clear. 

The  sediment  is  then  suspended  in  water,  strong  NaOH  added,  shaken  till  all  blue 

co/or  disappears,  then  the  CuSO..    By  this  method  0.2  gm.  per  litre  can  be  detected. 

Occurrence. — The  deutero-albumoses  may  occur  either  alone  or 
with  albumin.  In  cases  of  nephritis  the  albumose  is  said  to  accom- 
pany the  albumin,  which  it  may  precede  or  continue  after  the  albumin 
has  disappeared.  The  reason  for  this  is  not  known.  Since  the  urine 
•contains  a  pepsin-!ike  ferment  the  formation  of  albumose  by  the  diges- 
tion of  albumin  may  be  suspected. 

The  hEsmatogenous  group  may  cover  all,  since  when  there  is  pres- 
ent in  the  blood  considerable  albumose  some  of  it  is  excreted;   none  if 
the  amount  is  small.     The  source  may  be  the  breaking  down  of  the 
cells  of  the  blood,  as  in  leukemia;   or  of  tissue  proteid  of  the  !x>dy.  as 
(luring  the  puerperium,  in  which  case  the  involution  of  the  uterus  is 
supposed  to  be  the  cause,  which,  however,  cannot  always  be  true, 
since  it  may  occur  before  delivery;  in  pregnancy  with  a  dead  fcetus: 
also  in  some  cases  with  living  fcetus,  in  which  case  it  is  said  to  arise 
in  the  amniotic  fluid;    in  cases  of  hemorrhage  underneath  the  skin, 
scurvy,  purpura,  ecchymoses,  destruction  of  red  blood-cells  or  tissue- 
cells  due  to  toxtnes. 

Enterogenous  albumosuria  is  seen  in  cases  of  gastric  or  intestinal 
ulcer,  as,  e.g.,  in  intestinal  tuberculosis.  In  such  cases  small  amounts 
of  albumose  ingested,  e.g.,  somatose,  will  give  a  positive  test;  nor- 
mally larger  amounts  are  necessary  (alimentary  albumosuria).  Some 
consider  that  if  following  the  ingestion  of  from  40  to  60  gms.  of  albu- 
mose this  body  be  found  in  the  urine  it  is  in  favor  of  a  gastric  or 
intestinal  ulcer. 

In  nephritis,  especially  luetic,  albumosuria  occurs.  The  "  hepato- 
genous" form  occurs  in  acute  yellow  atrophy,  cirrhosis,  cancer,  ca- 
tarrhal jaundice,  phosphorus  poi.soning.  The  "  febrile."  in  most  fevers, 
especially  the  infectious;  rheumatism,  septicemia,  typhoid,  phthisis.  . 
gangrenous  processes,  measles,  scarlet  fever,  erysipelas,  smallpox,  espe- 
cially as  the  temperature  falls,  ^^ental  diseases,  especially  paralyses. 
"  Pyogenic  albumosuria"  is  supposed  to  be  due  to  the  absorption  of  an 
exudate,  as  in  pneumonia  during  resolution;  empyema,  bronchiectasis. 
epidemic  cerebrospinal  meningitis,  abscess,  and  osteomyelitis.  Gan- 
grenous processes  everywhere  cause  it.  also  cancers  of  any  organ,  from 
increased  destruction  of  tissue  and  tissue  poisons  fhtstogenic  form'). 

'The  common  element  in  most  of  these  conditions  is  the  breaking 
down  of  some  tissue  or  exudate,  i.e..  increased  catalxilisni  such  as  oc- 
curs in  all  fevers  and  in  cancers  fAldor)  or  exudates. 

There  are  certain  sources  of  albumose  which  slinuh!  always  be 
excluded;    as,   for  instance,  spermin  and  secretions  of  the  accessory 
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genital  glands ;  the  foods,  since  on  a  milk  diet  in  nephritis  it  is  claimed 
that  the  products  of  digestion  are  absorbed  and  excreted  unchanged ; 
and  lastly,  that  due  to  technique  in  removing  albumin  from  the 
urine.  CHnically,  the  deutero-albumoses  are  important  only  when  the 
urine  is  albumin- free.  In  albuminuria  it  may  nearly  always  be  dem- 
onstrated and  the  question  arises  whether  it  was  preformed  or  formed 
from  the  albumin  by  the  technique.  The  amount  formed  in  this  way, 
however,  if  the  work  be  done  well  should  be  very  small. 

It  has  very  little  clinical  value,  since  it  has  such  a  wide  occurrence. 
It  could  be  of  value,  however,  in  a  case  of  suspected  abscess  (e.g.,  of 
the  appendix,  brain,  or  an  empyema)  ;  or  in  the  differential  diagnosis 
of  tuberculosis  and  epidemic  cerebrospinal  meningitis.  The  amount  is 
always  small  when  compared  with  that  of  the  Bence-Jones'  body. 

HBematuria,— This  may  be  a  symptom  of  the  following  condi- 
tions: 

(i)  General  diseases;  the  malignant  forms  of  acute  specific 
fevers,  especially  smallpox,  typhoid  fever,  malaria;  in  leukaemia  oc- 
casionally; in  the  so-called  hemorrhagic  diathesis,  htemophilia, 
scurvy,  morbus  maculosus  Werlhofii,  and  the  purpuras.  In  the  latter 
diseases  the  process  may  be  limited  to  the  kidney. 

(2)  Renal  causes,  acute  and  chronic  congestions,  and  inflamma- 
tions of  the  kidney;  all  nephritis  cases  at  the  onset,  there  being  one 
form  called  the  "  hemorrhagic"  form.  Those  due  to  turpentine,  car- 
bolic acid,  and  cantharides  especially  have  an  hemorrhagic  onset.  In 
purulent  nephritis  traces  only  of  blood  may  be  present.  The  chronic 
parenchymatous,  Weigert  considered  always  hemorrhagic,  hence  small 
amounts  of  blood  in  the  urine  may  always  be  expected.  In  amyloid 
disease  there  are  few  or  no  red  blood-cells.  In  chronic  passive  con- 
gestion due  to  different  causes  there  may  be  bloi.)d  in  the  urine.  In 
renal  infarctions  it  may  be  considerable,  but  that  is  rare:  in  new 
growths  of  tiie  kidney  sometimes  the  h.-cmaturia  is  profuse;  at  the 
onset  of  tuberculosis,  especially  when  the  papilla;  are  involved;  in 
cystic  kidneys,  renal  calculus,  and,  lastly,  jmrasitic  diseases  of  the 
kidney,  especially  filaria,  echinococcus  and  the  distoma  ha;matobiuni. 
In  congestion  due  to  venous  throniljosis,  e.g..  of  the  new-bom,  h.-ema- 
turia  is  said  to  be  a  common  symptom. 

(3)  It  is  also  found  as  the  rcs^iilt  of  lesions  or  diseases  of  the 
urinary  passages,  as  stone  in  the  ureter,  tumors  and  ulcers  of  the 
bladder,  parasites  of  the  bladder,  calculi  and  ruptured  veins;  in  ure- 
thritis. 

(4)  In  trauma  of  any  part  of  the  urinary  tract  from  the  kidney 
down. 

(5)  .'\nd  lastly  an  interesting  group  with  no  known  lesion;  the 
so-called  "  Gull's  renal  epistaxis"  or  "  essential  renal  hematuria,"  or 
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r    "angioneurotic  lijeniaturia."  or  "  renal  lucmophiiic,"  is  a  rare  disease 
of  iniridte  adult  life,  oUcn  iiiiibicral.     In  ceriaiti  oi  tliese  caM^s  aiigio- 
»iata  tif  the  kidney  have  been  found,  in  others  none,  and  ner%'oiis 
causes  are  suspected.     Some  of  these  cases  recover  without  further 
treatment;  others  after  treaimem  oi  ihe  nervoti&  system,  while  olhers 
jfler  a  nepUnitomy.  or  nephropexy  or  simple  exposure  of  the  kid- 
ney,"' 

hi  women  the  vagina  as  a  source  nnist  always  be  excluded. 
More  recent  work  with  microscopic  examination  throws  some 
*J«siiln  on  the  iionnal  nature  of  these  kidneys.  Eshner''"  collected  48 
ca.s«s  of  unilateral  renal  hrcmaturia,  most  of  which  had  heen  diagnosed 
'^■s  calculus  or  cancer.  Since  then  other  interesting  cases  have  been 
^tported.  A  diagnosis  of  unilateral  hemorrhagic  nephritis  was  made 
*»i  Stich's  case.'**  In  Schiillcr's  case  the  kidney  looked  nonual.  hnt 
^Microscopically  chronic  parenchymatous  nephritis  was  found.'^' 

The  term  "  hxniaturia"  is  used  only  when  blood  is  grossly  visible. 
TTic  urine  is  always  turbid,  of  a  light  smoky  to  a  bright  red  or 
tiackish-brown  color.  Microscopically  arc  foimd  the  red  blood-cells  in 
Various  conditions  of  preservation,  and  other  elements  according  to 
the  caii.se.  In  renal  h.'emaluria  cints  are  seldom  present,  the  urine  and 
bUxKl  are  homogeneously  mixed  hence  in  equal  amounts  in  the  two- 
glass  lest,  while  in  cases  of  hemorrhage  from  the  bladder  the  second 
glass  will  contain  the  more  blood.  an<l  if  the  bladder  he  washed  out 
the  washings  will  be  blotKl-staincd.  while  in  renal  cases,  clear.  In 
aaite  exacerlKitioii'-  of  a  chronic  parenchymatous  nephritis  especially, 
the  amount  of  blood  in  the  urine  may  be  considerable.  Clots  arc  pres- 
ent in  rare  cases,  as  when  large  vessels  of  the  kidney  rupture,  or  in 
cases  of  aneurisms,  trauma,  or  varices.  In  a  case  in  the  ward  recently 
a  clot  fonr  inches  long,  a  cast  of  the  ureter,  was  voided.  Such  clots  arc 
inore  common  in  cancer  than  in  calculus, 

Gerhardt  thinks  that  the  t)loo(l-cell.^  from  the  kidney  are  more 
spherical,  more  leathery  in  color  than  usual,  while  all  the  morpholog- 
ical elcmeuls  from  the  kidney,  the  casts  and  epithehal  cells,  are  yellow- 
is.h'l>rown,  in  renal  li,Tmaiuria  arc  found  also  casts  of  various  kinds. 
blood-casts,  or  casts  with  red  cells  attached,  and  renal  epithelium, 
showing  parenchymatous  lesions.  .Mbumin  will  also  be  present.  It 
is  generally  liclieved  that  if  the  blood  be  not  from  the  rnrlex  and  the 
urine  allowed  to  settle,  the  clear  supernatant  fluid  will  he  albumin- 
free. 

Haemogtobinuria  is  the  result  of  h.-cmoglobin-tmia.  or  the  destruc- 
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tion  of  red  blood-cells  within  the  blood-stream  in  such  numbers  that 
the  body  cannot  warehouse  the  pigment,  which  is  therefore  excreted 
by  the  kidneys.  This  occurs  when  about  one-sixtieth  of  the  total  hje- 
moglobin  is  set  free.  This  may  follow  \'arious  blood  poisons,  potas- 
sium chlorate,  pyrogallic  acid,  CO.  naphthol,  AsH.,,  etc.  Or  the 
poisons  of  fevers, — scarlet  fe\er,  ty|>hoid,  yellow  fever,  especially  ma- 
laria, lues;  severe  bums,  exposure  to  cold,  transfusion  of  foreign 
seruiii;  also  during  pregnancy  (Brauer)  ;  as  an  epidemic  fever  of 
the  new-born,  in  certain  cases  of  nephritis,  and  after  severe  intra- 
abdominal hemorrhages. 

Curry  ""  emphasizes  the  point  that  in  "  black  water  fever,"  so 
commonly  supposed  to  be  of  malarial  origin,  evidence  of  malaria  is 
not  always  present  before  or  after  death.  The  black  water  fever  due 
to  malaria  may  later  recur  after  an  ordinary  dose  of  quinine.'^*  The 
urine  always  contains  albumin,  and  the  albuminuria  may  precede  or 
follow  the  hemoglobinuria.  (Tliis  proteid  is  said  to  arise  from  the 
red  blood-cells.)  This  preceding  albuminuria  is  a  good  answer  to  the 
theory  that  it  is  the  irritation  by  the  hasmoglobin  which  causes  this 
condition.  Again,  this  idea  of  the  origin  from  a  hasmoglobinaemia, 
although  probable,  does  not  rest  on  a  very  firm  basis,  for,  as  Senator 
says,  hjemoglobinfemia  has  never  been  proved  in  the  li.-emoglobinuria 
due  to  infectious  diseases  or  hemorrhagic  nephritis,  while  in  two  cases 
of  h.xmoglobinuria  it  was  surely  absent. 

The  PAROXYSMAL  HEMOGLOBINURIA  is  a  coudition  which  has  at- 
tracted considerable  attention.  This  rare  condition  of  adults  occurs 
especially  after  exposure  to  cold  or  exertion,  and  consists  of  a  h.-emo- 
globinuria  often  preceded  by  fever  and  chills  and  pain  in  the  lumbar 
regions.  The  output  of  hremoglnbin  continues  for  one  or  two  days  or 
less.  The  excretion  is  usually  preceded  by  a  hoemoglobin;eniia.  but  in 
rare  cases  this  has  l>een  missed. 

The  cau'C  for  lliis  lia^  bci'ii  in  mucli  dispute.  Some  cbini  a  hmnolylie  action 
of  blood -plasma,  "an  incroiicd  inimlicr  of  coni|ilcnicnt);,''  others  a  clieniical 
to.xine,  ollitTs  a  mechanical  injury  of  the  red  blood-cells,  and  in  the  circidation 
ihadows  are  found,  ivbili'  others  think  the  can-e  is  in  the  kidney.  Senator  lliinks 
(his  latter  is  to  be  considered  in  many  cases.  It  is  of  inieresi  that  2,1  of  77  cafes 
gave  a  history  of  Ines.  The  urine  is  red  or  dark  brou-n  :  -|>ertrMcopicatly.  is  found 
mclhremoKldbin  alone  or  with  hajmnglotiin  :  microscopically,  arc  found  amorpiioiis 
blood  pigment  in  masses  or  casts,  or  evcti  crysi;ils  of  lijcmaloidin  ;  few  or  no  red 
blood-cells  will  be  found,  atid  if  present  ihey  ,ire  so  fciv  that  fhey  cannot  e^tplain 
the  piRnicnl ;  often  hyaline  and  firaTiulnr  casts  and  renal  epilhelitim  are  present: 
sometimes  many  calcuim  oxalate  cryMals  also:  albumin  is  always  present,  and 
often  biic  piement.  but,  tl  is  ?:aid,  no  bile  acid,  .^s  the  bremoRlobin  disappears 
ihc  albuminuria  will  continue  for  a  short  lime.  During  the  attack  will  be  found 
in  the  blood  often  -badows  of  red  blood-cells,  increased  leucocj'les.  amorphous 
masses  of  pigment,  and  a  great  many  platelets.     Sometimes  iho  ha;moglobinsmia 
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fan  ht  seen  even  grossly,  the  plasma  having  a  reddish  or  a  ruby-red  color.     It  is 
doubtful  if  the  isotonicity  of  the  blood  is  changed.     Degenerations  in  the  red  blood- 
cells  are  common,  and  other  points  indicating  their  lowered  resistance,  for  instance 
'heir  resistance  against  shaking  and  against  COy,     Donath '"  was  unable  to  show 
any   lowered  resistance  of  the  cells  to  any  mechanical  inflncnce. 

The   immediate   causes   are   various ;    among   them   are   excessive   exercise   or 

"lental  excitement.     Cold  is  the  most  potent,  and  the  patient   may  produce   it  by 

P'unging  his   hands  into  cold  water.     It  may  also  be  produced  locally  by  tying  a 

string  about    one   finger.     Homburg's    patient'"    showed    it    after    an    involuntary 

col*]  plunge  of  three  minutes'  duration. 

In  hemoglobinuria  the  urine  may  be  clear,  but  it  is  usually  more  or 
'^ss  clouded  by  hjemoglobin  casts,  amorphous  masses  of  pigment,  and 
*^^^sts  from  the  associated  nephritis.  If  it  be  sediniented,  the  super- 
'^^tant  urine  is  a  clear  blood-colored  fluid,  and  in  the  sediment  so 
*ew  red  blood-cells  that  they  could  not  possibly  explain  the  amount 
*^f  hasmoglobin.  The  urine  must  be  tested  fresh  to  determine  the 
"iifference  between  these  two  conditions,  since  the  red  blood-cells  will 
So  quickly  go  to  pieces,  freeing  much  haemoglobin  and  leaving  an 
abundant  grayish-brown  albumin-rich  sediment,  in  which  may  be  seen 
the  stromata  of  the  laketl  red  cells.  Stempel  reviews  the  literature  to 
<3ate  in  a  splendid  resume.*''* 

Chemical  Tests. — These,  apart  from  the  spectroscopic,  are  the 
same  for  haemoglobin  and  its  many  modifications,  and  whether  intra- 
cellular or  not.  This  last  point  can  be  tested  only  by  microscopic 
examination. 

( 1 )  An  ordinary  heat-acetic  acid  albumin  test  is  made.  A  brown 
coagulum  forms  which  usually  swims  on  the  surface.  If  this  be 
shaken  with  acid  alcohol  (H^SOj),  the  clot  is  decolorized.  The  color 
depends  on  the  amount  of  h<emoglobin  present.  This  test  is  not  very 
delicate. 

(2)  Heller's  Test. — A  test-tul>e  is  filletl  half-full  of  urine,  about 
five  drops  of  NaOH  added  to  make  strongly  alkaline,  and  then 
warmed  to  form  h^ematin.  A  brownish  red  nr  blnndy  precipitate 
results  of  the  precipitated  phosphates  and  carbonates  of  the  alkaline 
earths  which  carry  down  the  brematin.  If  the  urine  be  already  alka- 
line, the  phosphates  of  the  alkaline  earths  may  already  have  precipi- 
tated, and  hence  the  te.st  fail,  in  which  case  it  is  necessary  to  add  a 
certain  amount  of  normal  urine  in  order  to  supply  these  salts. 

Thi5  test  is  very  delicate,  indicating  1  cc.  of  blnod  in  i  litre  of  urine.  If  the 
fine  red  blood-color  of  the  precipitate  cannot  be  seen,  since  the  urine  i^  dark  or 
jaundiced,  it  should  be  filtered  olT.  the  precipitate  dissolved  in  nrotic  .icid  ;  a  red 
solution  is  obtained  which  decoloriics  RradiiTilly  in  the  air.  This  red  precipitate 
is  by  reflected  light  of  a  greenish  tinge.     If  but  little  hsmatin  he  present,  the  pre- 
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eipiiate  should  be  dissolved  in  acetic  acid  and  the  residue  of  this  used  for  ihe 
Teichmann's  test.  Simitar  red  precipitates  may  be  obtained  after  the  ingestion 
of  senna,  rhubarb,  or  rhamnus.  The  urine,  however,  is  yellow  at  first,  and  on  the 
addition  of  the  sodium  hydrate  becomes  red.  The  phosphate  precipitate,  if  dis- 
solved in  acetic  acid,  gives  a  lemon-yellow  solution,  which  changes  on  exposure 
to  the  air  to  a  violet.  Haemaioporphyrin  and  olher  pathological  pigments  may 
give  a  red  precipitate,  but  the  spectroscope  will  quickly  indicate  the  difference  by 
showing  the  alkaline  hsmatin  spectrum.  If  but  a  trace  of  blood  be  present  the 
urine  is  first  made  alkaline  with  NHtOH  and  then  precipitated  with  tannic  acid. 
The  precipitate  is  used  for  the  himin  crystal  test. 

{3)  Teichmann's  HCl-Hamin  Test. — The  precipitate  obtained  by 
either  of  the  preceding  tests,  or,  better,  a  tannic  acid  precipitate,  is 
filtered,  washed,  and  dried  in  the  air.  A  very  small  granule  of  the 
dry  precipitate  is  put  on  a  slide  with  one  granule  of  NaCl  and  a  few 
drops  of  glacial  acetic  acid.  The  cover-glass  is  then  put  on,  Tlie 
specimen  is  then  warmed  over  a  small  flame  so  that  the  acetic  acid 
steams.     The  acid  is  constantiv  renewed.     When  the  acetic  acid  sur- 
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rounding  the  granule  is  stained  a  brownish  color,  the  heating  is  dis 
continued  and  the  slide  cooled  very  slowly.  The  characteristic  crysta 
of  h.'ematin  may  sotm  be  seen  with  the  microscope. 

This  test  requires  care.  The  reasons  it  so  often  fails  arc  that  the  specimen  is 
heated  100  hot  (a  simple  steaming  is  sufficient),  or  that  the  acetic  acid  is  not  suffi- 
ciently renewed,  or  the  slide  is  cooled  so  rapidly  that  it  forbids  good  erystalhzation. 
Good  crystals  may  be  obtained  if  the  specimen  is  not  heated  at  all  but  allowed  to 
stand  for  twenty-four  hours. 

(4}  The  tannic  acid  precipitate  mentioned  in  test  (2)  may  be 
ashed  on  a  platinum-foil,  the  ash  dissolved  in  a  few  drops  of  hot  HO. 
this  diluted  and  filtered  and  tested  with  the  potassium  ferrocyanide 
solution. 

(  5 )  The  Gitaiac  test  ( Sclmnbein-Almen  test)  is  very  delicate.  The 
urine  is  overlaid  carefully  with  a  mixture  of  equal  parts  of  Guaiac  tinc- 
ture (alcoholic  solution  of  resina  Guaiaci,  i  to  5)  and  old  oxygenated 
oil  of  turpentine.   The  turpentine  should  be  exposed  to  the  air  for  some 
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(imc,  Ihai  ii  may  be  well  oxygenated:  tlie  Guaiac  tincture  shoulil  not 
be  cx]K)S<.-J  u>  the  sun  ur  air,  and  should  lie  kept  ui  a  colored  Ixiitlc. 
TheM  solutions  when  mixed  shoidd  show  no  blue  color.    The  urine 

is  siiperiniiKJsed  with  this,  and  if  Wood  be  present  an  intense  blue  ring 

^pp^rs  at  the  tine  of  t>cparation. 

The  arinc  must  be  acidiricd  witti  jicciic  ackI  if  nrci^Mury.  ThU  teit  ii  so  <leli- 
^*t«  ihii  II  may  be  punitive  wlicn  ihe  ipcclm.icnpic  Itii  is  iirgalivc.  Piii  need  not 
'**'  e\<ludeil  ttnles*  the  »bovc  ^nl^lnltl^.  liave  nut  lieeii  jirupcrly  kept.  Tilt  lc*t 
*houtil  alway*  be  control leil  wiib  a  tltiid  known  t»  contain  blood.  Tlie  test  U  not 
*V^'<t*ly  foiitne,  Miice  other  tiudiea  will  slve  it,  yei  it  always  has  a  neicaiive  value, 
*t^ct  if  negatire  no  blood  is  preieni. 

Spectroscopic. — The  student  should  lie  ivell  trained  in  the  use  of 
W  ipcciroscopc.  The  blood  sjK'ctra  which  arc  important  arc  those 
f  oxyharmoglnbin.  reduced  luenioglubiii,  and  inttlia-mogloliin,  In  the 
of  the  urine  a  mixed  spectrum  may  usually  be  expected.  If 
Ww  \i\ivit\  is  frt^li,  that  of  oxyha^mofjlobin  will  predominate,  but  in 
JKeinoglobinuria,  or  in  nephritis.  mctha'Uioglobin.  Bacteria  will  oxi- 
dize the  last  two  to  nxy haemoglobin.  Tlie  urine  should  be  diluted  if 
jiecessarj'.  and  must  lie  clear. 

V'erj'  small  amounts  of  blood-pigment  are  detected  as  follows 
(Hoppe-Seyler)  :  To  lOO  cc,  of  urine  is  added  an  altnmiin  solution  or 
an  albuminous  urine.  This  is  heated,  that  a  good  coaguhnu  may  fonu, 
the  prcciptLiie  washed,  pressed  out.  and  rubbed  up  viith  alcohol  which 
contains  a  little  H-SO^,  Tliis  is  then  wanned  and  filtered.  The 
filtrate  after  treating  with  XaOH  and  (NH,)jS  gives  ihe  bands  of 
ha-matin. 

Metharmoglobin. — Many  previous  observatiotis  of  this  are  not  re- 
liable, since  only  a  single  spectroscopic  examination  was  made,  and 
hfeiuatin  may  have  Iktcu  mistaken  for  it.     It  is  present  in  all  fresh 

■  urines  containing  blood,  although  later  it  may  be  oxidized  to  oxyh:enio- 
B  globin.  For  its  detection  the  spectroscope  is  necessary,  but  not  alone 
m  Ihe  spectrum  of  neutral  nictharmoglohin.  which  may  be  confused  with 

hanitatin.  but  anuuonia  must  be  added  and  the  spectnun  of  alkaline 
mctharmoglobin  obtained.  This  spectrum  may  lie  confused  by  other 
biKhes  which  give  bands  or  which  ilarkcii  the  field  as  bile  or  umbiliu. 

■  One  must  lie  careful  not  to  dilute  too  much,  since  it  is  easy  to  pass  the 
point  at  which  the  lines  are  seen. 

Ur<»bilin  or  bile-pigment  may  Iw  removed  with  basic  Pb.\c.  the 

■  ha:nioglobin  remaining  in  solution,  but  metha'moglobin  will  be  precipi- 
laleil.  In  case  red  blood-cells  arc  present,  water  should  be  added  in 
suflicienl  amount  to  take  them.  If  no  absorjition  bands  are  seen,  or 
they  are  very  faint,  tlie  hsemoglobin  may  be  transformed  to  reduced 
Itrntialin,  xvhose  s|iefirum  it  is  easier  to  stii<Iy.    This  reduction  is  best 

lone  wi'.h  (NII,);S.  or  with  NallSO,,  and  zinc,  for  only  a  short 
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time,  else  the  albumin  will  be  precipitated.  The  spectrum  of  reduced 
haemoglobin  is  fainter  tlian  that  of  oxyhsemoglobin.  If  a  few  drops 
of  concentrated  NaOH  be  added,  hicmatin  is  produced. 

Haematoporphyrin.— Hsematoporphyrin,  an  iron-free  derivative  of 
haemoglobin,  is  present  in  the  noniial  urine  in  very  slight  traces,  but 
sometimes  in  very  large  amounts.  Sulphoiial  is  one  of  the  most  im- 
portant causes  of  the  excretion  of  large  amounts  of  this  body.  It  is 
present  in  larger  amounts,  however,  in  cases  of  rheumatism,  pericar- 
ditis, Addison's  disease,  paroxysmal  h.-emoglobinuria,  cirrhosis  of  the 
liver,  pneumonia,  and  hsmatemesis.  Some  have  considered  that  for 
the  diagnosis  of  liver  disease  the  increase  is  important.  It  is  increased 
in  lead  poisoning.  It  is  also  increased  in  acute  infectious  diseases  and 
in  various  forms  of  tuberculosis.  Stockton  thinks  it  was  due  in  his 
case  to  acute  inflammatory  processes  of  the  cord  and  spinal  nerves. 

The  color  of  the  urine  is  sometimes  deceptive.  This  is  especially 
true  of  the  cases  of  lead  poisoning.  In  other  cases  it  is  dark  brown- 
ish-red, cherry-red,  or  Bordeaux-red,  varying  with  the  amount  of  this 
pigment.     "  Port-wine"  color  is  a  common  term. 

Following  the  use  of  sulphona!  about  40  fatal  cases  have  been  re- 
ported, chiefly  in  women.     Trional  and  tetronal  also  cause  it. 

The  cause  is  ratlicr  doubtful,  direct  action  upon  the  hlood  heing  claimed,  also 
hemorrhages  into  the  stomach  wall  caused  by  these  drugs,  and  transformed  by  the 
gastric  juice,  the  h^matoporphyrin  being  reabwrbed  and  excreted.  This  is  sup- 
posed to  be  true  particularly  of  the  lead  cases,  but  certainly  is  not  of  all.  In  other 
cases  the  one  trouble  is  said  to  be  a  lesion  of  the  renal  epithelium.  In  hemoglo- 
binuria there  is  a  preceding  hxmoglobinxmia.  aj  a  rule,  but  a  hxmatoporphyrinx- 
tnia  has  not  yel  been  proved."' 

Pal'"  reports  a  case  of  parosysma!  hiemaloporphyrimiria  with  "black"  urine, 
with  symptoms  similar  to  Ihuse  of  paroxysmal  lia?moglobinuria,  and  ivliich  he 
thinks  may  be  due  to  lues. 

Garro<l  '^'  collected  12  cases  not  due  to  sulplional.  In  this  group 
of  cases  the  most  were  of  malus.  am!  the  condition  lasted  even  years 
without  bad  sym]»tnn!s.  For  these  cases  he  mentions  as  generally  helU 
the  opinion  that  the  con<liti(jn  is  ihie  tu  ])erverte<l  catabolism  of  hrenio- 
globiii  rather  than  increased  dcstmction  of  re<l  cells. 

SKHIMENTS 

Preservation  of  the  Urine. — To  studv  the  sediments,  especially  the 
organised,  it  is  i>est  that  the  urine  be  examined  while  perfectly  fresh. 
Casts  wi!!  disa]>pear  tu  a  certain  extent  in  any  urine,  especially  if  the 
patient  receive  the  organic  salts  as  diuretics.  We  often  see  the  urine 
alkaline  and  all  casts  giine  one  hour  after  voiding.     The  urine  is  best 

"' Rucdy.  Am.  Jour.  Iii'ianitj.  October,  t890. 
'"Ceiilralbl.   f,  inn.   Med.,   Mjon.  vol.  xxiv.  p,  6oi, 
"*  Lancet,  March  5,  irio4. 
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I        centrifugalized.     In  case  the  immediate  examination  is  impossible,  or 
r        a  centrifuge  is  not  at  hand,  the  urine  may  stand  in  a  conical  glass,  the 
cavity  of  which  ends  at  a  sharp  point,  or  may  be  filtered  through  a 
filter  paper  and  the  last  drops  examined.     A  <lrop  of  the  sediment  is 
drawTi  up  into  a  pipette;  the  outside  of  this  is  then  wiped  off  and  a 
tlr-op  blown  onto  a  glass  slide.     In  case  there  is  very  much  sediment 
"1    the  glass,  the  components  of  the  different  layers  will  vary  con- 
siderably, since  their  specific  gravity  varies  so,   hence  the  sediment 
^*>ijst  be  first  stirred  up  or  several  specimens  examined. 

To  preserve  the  urine  from  bacterial  action  during  long  sedimenta- 
tion, a  piece  of  camphor  may  be  used,  or  one-fifth  volume  of  i  to 
^<X)  chloroform  water,  or  one-fifth  volume  of  saturated  borax  solu- 
tion, which  prevents  the  precipitation  of  the  urates  and  preserves  the 
c«lls,  while  it  does  not  coagulate  the  albumin.     A  few  drops  of  forma- 
lin are  really  best,  but  this  may  add  to  the  sediment  a  component  of 
its  own.    One  cc.  of  pure  chloroform,  so  valuable  in  the  preservation  of 
Urine  for  chemical  work,  is  not  to  be  recommended.     Thjmiol  is  fairly 
good.     To  use  a  clean  pipette  is  very  important,  so  many  times  are 
mistakes  made  by  using  one  in  which  elements  of  a  previous  sediment 
remain.     In  case  the  bacteria  are  the  subject  of  study  it  is  well  to 
add  two  volumes  of  alcohol,  which  by  lowering  the  specific  gravity 
hastens  the  sedimentation. 

To  preserve  sediments  for  a  long  time  the  urine  is  centrifugalized 
and  the  supernatant  fluid  poured  off.  To  the  sediment  may  then  be 
added  chloroform  water  to  preserve  crystals,  or  formalin  to  i  to  2 
per  cent,  to  preserve  casts  and  formed  elements.  They  keep  only 
fairly  well.  Of  the  crystals,  the  phosphates,  carlwnates,  and  ammo- 
nium urates  keep  well :  calci\im  oxalate  poorlv.  uric  acid  never 
well. 

The  student  should  be  early  taught  that  there  are  very  few  sedi- 
ments which  may  be  recognized  beyond  doubt  from  their  appearance 
alone,  hence  the  value  of  micnKiiemica!  tests  with  acids,  alkalies, 
Lugol's,  stains,  etc.,  which  may  be  drawn  under  the  cover  by  applying 
a  piece  of  filter  paper  to  the  ei]ge  opposite  to  the  drop  of  reagent. 
If  few  casts  are  present  the  surface  of  a  large  slide  is  covered  by  the 
urine  and  no  cover-glass  used. 

There  is  one  peculiarity  of  crystalline  sediments  worthy  of  men- 
tion,— that  the  cry.^tals  tend  to  belong  to  one  system:  that  is.  the 
crystals  of  one  salt  are  usually  siinilar;  they  are  nearly  all  of  the 
.same  regular  or  irregular  form;  all  the  uric  acid  crystals  may  be 
hexagons,  all  of  calcium  oxalate  ovals,  all  the  triple  phosphate  liat 
plates,  etc. 

Another  peculiarity  is  the  relative  infrequency  of  crystalline  i 
ments  in  women's  urine. 
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The  sediments  have  been  divided  into  the  organized  and  unor- 
ganized. By  the  former  are  meant  tissue  constituents,  casts,  bacteria, 
and  formed  elements  from  the  urinary  or  communicating  organs. 

The  reaction  of  the  urine  may  often  be  detected  from  the  gross 
sediment;  when  acid  this  is  granular,  when  alkahne,  mucoid.  Speci- 
mens should  be  examined  when  made,  since  if  allowed  to  dry  even  a. 
little  the  crystals  which  separate  are  quite  confusing. 

Unorganized  Sediments.  ( i )  Urates  and  Uric  Acid. — A  precipita- 
tion of  urates  occurs  in  any  concentrated  acid  urine,  especially  on  a. 
cold  day,  much  to  the  distress  of  mind  of  some  persons.  The  urine 
first  presents  a  very  milky  appearance,  and  the  sediment  then  settles 
on  the  bottom  and  sides  of  the  glass,  forming  a  lieavy  voluminous 
mass.  The  color  of  the  precipitate  will  vary  from  a  yellow  to  a  bright 
rose-red.  It  is  soluble  in  acids  with  the  subsequent  precipitation  of 
uric  acid,  and  in  alkalies.  It  is  easily  soluble  on  wanning.  While 
common  in  any  concentrated  scanty  normal  urine,  it  is  especially  so 
in  certain  fevers,  chronic  passive  congestion,  pneumonia,  and  rheuma- 
tism, seldom  in  nephritis  or  in  albuminous  urines. 

One  of  the  most  remarkable  crystal  forms  are  the  long  branching 
rods  like  huge  yellow  bacteria,  which  disappear  on  warming. 

This  precipitate  is  said  to  be  the  quadrinrates  (Roberts), — MH- 
UU,  which  are  formed  by  the  action  of  MH^POj  on  the  biurates, 
MHU;  if  in  sufficient  concentration  they  are  precipitated.  The 
quadriurates  in  solution  are  easily  decomposed  to  biurate  and  uric  acid, 
the  latter  precipitating  as  little  bright  red  so-called  red  pepper  gran- 
ules on  the  sides  of  the  glass.  This  will  be  the  only  sediment  in  case 
the  quadriurate  is  not  in  sufficient  concentration  itself  to  precipitate. 
In  the  urate  sediment  are  found  also  calcium  oxalate  crystals,  and,  as 
ammonia  is  soon  formed,  a  certain  amount  of  the  acid  urates  will  be 
dissolved,  some  will  be  transformed  to  ammonium  urate,  lience  in  the 
same  sediment  may  occur  ammonium  urate,  the  so-called  quadriurates. 
uric  ncid  and  calcium  oxalate,  and  e\en  a  few  tri])lc  jihosphate  crystals. 
This  transformation  occurs  progressively  from  above  downward. 

This  fxplanalion  of  Roheris  is  so  satisfartory  lli.il  il  is  unfortunale  that  il  has 
little  evidence  behind  it.  One  thing  is  qniif  certain,  that  the  precipitation  of  the 
urates  is  the  resnlt  of  a  chemical  iransfonn.itinn  of  the  salt,  since  it  precipitates 
in  the  cooling  urine  too  -.lowly  In  be  dne  I"  this  alone,  and  warming  the  urine  to 
the  previous  temperature  does  not  redissolve  il.  Also  during  its  formation  the 
acidity  of  the  urine  is  said  to  increase, 

Micro.'icopically,  the  acid  urate  sediment  consists  of  very  fine  gran- 
ules in  clusters  of  a  yellow  to  a  reddish-brown  color  which  disappear 
on  warming.  On  the  addition  of  a  little  acetic  acid  the  subsequent 
crystallization  of  uric  acid  may  be  watched. 
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AuMONiUM  BiUKATE. — Animoniiiiii  biurate  (see  Fig.  32)  is  t!ie 
only  urate  sediment  which  forms  in  an  alkaline  urine.     It  may  also 
Jorm  while  the  urine  is  very  faintly  acid.     It  occurs  with  the  acid 
urate  sediment  after  the  reaction  changes;   also  with  amorpUoiis  phos- 
phates and  triple  phosphates.     It  is  formed  as  ammonia  increases  in 
[lie  urine.     Microscopically  it  is  a  beautiful  sight,  the  spheres  often 
presenring  the  so-called  "  morning  star"  shape  or  "  thorn-apple"  crys- 
tals.   These  are  spheres  of  a  dark  color,  often  concentric  or  radially 
striated,  and  have  on  their  surface  thorns,.     More  often  these  spheres 
^ai'e  long  projections,  giving  them  very  bizarre  shapes.     They  are 
^"■luble  in  acetic  acid  with  the  subsequent  precipitation  of  uric  acid, 
giving  off  ammonia. 


fi'- 
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Another  very  rare  form  resembling  phenylgUicosazon  sheaves  is 
pictured  in  Fig.  33,  These  sheavcn  of  very  large  coarse  yellow  needles, 
since  they  occurred  with  the  ordinary  forms  of  ammonium  urate  and 
were  so  soluble  in  acetic  acid,  were  perhaps  this  salt.  Note  llieir  coarse 
size.     (Dr.  Boggs  has  shown  this  sediment  to  be  calcium  phosphate.) 

The  yellow  color  of  these  urate  sediments  is  due  to  urochrome 
especially,  also  urobihn.  The  red  is  due  to  uroerythrin.  This  sedi- 
ment may  contain  all  the  bile  that  there  is  in  the  urine  and  much  of 
the  black  pigment  in  case  of  carbolic  acid  poisoning. 

Crystals  of  sodium  biurate  are  rare,  and  occur  in  urines  under- 
going amnioniacal  decomposition  but  yet  amphoteric.  These  crystals 
resemble  calcium  phosphate,  but  are  soluble  in  acetic  acid,  which  gives 
at  once  a  cloud  of  uric  acid  crystals. 

Uric  Acid. — Uric  acid  f  see  Fig.  341  when  pure  crystallines  nsiuilly 
in  rhombs,  but  in  the  urine  the  corners  are  dissolved,  giving  the  so- 
called  "  whetstone"  crystals.    When  seen  on  the  edge  these  crj'Stals  are 
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very  narrow  rectangles.     They  may  be  single  or  in  rosettes,  or  clus 

tered  in  the  shape  of  a  barrel  (see  Fig.  34,  a,  b,  i ).  Their  color  is  frorr^fc 
a  yellow  to  a  brown,  or  they  may  be  colorless.  The  colorless  crystal^s. 
are  sometimes  perfect  hexagons  (see  Fig.  42,  e),  in  which  case  tlieic — 
recognition  is  difficult,  since  they  resemble  cystin  perfectly.     A  recenmz: 

case  of  Dr.  Futcher's,  which  urine  he  kindly  gave  me  for  demonstration 

illustrates  this  point.     The  patient  was  a  girl  six  years  of  age,  witl^« 
diabetes  mellitus.    The  urine  was  1000  to  2000  cc.  in  amount,  specifier 
gravity  about  1035,  and  sugar  5.1  to  5.5  per  cent.;  nothing  of  interest 
microscopically.    After  twenty-four  hours  on  a  carbohydrate- free  diet 
the  urine  was  turbid,  showing  a  suspension  of  glistening  particles 
(sp.  gr.   1026;    sugar  0.6  per  cent.).    Microscopically,  the  turbidity 
was  seen  to  be  due  to  colorless  hexagonal   crystals  almost   exactly 
resembling  cystin,  many  single,  most  in  clumps  of  e\'en  macroscopic 
size.    It  was  only  after  testing  chemically  that  they  were  recognized  as 
uric  acid.     On  this  day  no  typical  uric  acid  crystals  were  seen.     The 
following  day  there  was  a  mixture  of  hexagonal  and  whetstone  crys- 
tals, which  former  later  disappeared. 

Some  are  in  needles  arranged  in  sheaves  (see  Fig.  34,  4), 

Their  color  is  due  to  urochrome,  not  to  urobilin,  and  the  red  is 
due  to  uroerythrin  plus  urochrome.  Urobilin,  hxniatoporphyrin,  bili- 
rubin, or  biliverdin  may  give  the  color  to  the  crystals.  In  cases  of 
carbolic  acid  poisoning  these  crystals  are  a  dark  brown,  almost  black 
color.  These  crystals  may  occur  in  masses  as  large  as  the  head  of  a 
pin.  which  cling  to  the  glass  (see  Fig.  34,  2). 

If  these  crystals  are  precipitated  artificially  by  acid  they  are  of  a 
reddish-brown  color  due  to  black  decomposition  products  of  uro- 
chrome;  tlicy  may  he  stained  by  indigo-blue  or  indigo-red. 

Calcum  ukate  crystals  are  said  (o  sometimes  occur  with  calcium 
oxalate;  thoy  are  colorless  prismatic  crystals,  insoluble  in  hot  water, 
give  the  murexid  test,  and  if  acid  be  added  uric  acid  crystals  are  de- 
posited. They  may  be  produced  by  treating  the  urate  sediment  with 
lime  water. 

DinKCTioN. — In  acid  urine  the  urate  sediments  may  usually  be 
recognized  from  their  gross  a]>i)earance,  but  ]>articularly  from  the 
fact  that  they  disappear  on  wanning  and  that  all  are  dissolved  by  acid 
wiili  the  subsequent  iirecipiiruiuu  i>f  uric  acid.  Uric  acid  itwlf  is  not 
dissolved  by  heat  <iracid.  .Vminoniuin  binratL-  is  suluhle  in  acid,  and  uric 
acid  crystals  then  appear.     The  spheres  are  of  characteristic  form. 

MfRExin  Tf.st. — The  crystal  or  sediment  is  evaporated  in  a 
porcelain  dish  with  dilute  HXO.;.  To  the  residue  is  added  weak 
KIIjOH.     A  heantitul  purjilc-red  cnlor  is  obtained. 

The  significance  of  the  urate  sediment  is  vcri-  slight,  it  depending 
chiefly  on  the  cnnccntratinn  and  the  acidity  of  the  urine.     Uric  acid. 
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nvcver,  is  somewhat  more  iiiijxirtam  since  it  may  form  large  con- 
creirons. 

Phosphate*    ui<I    C«rbon«tee. — ( I )  Amorphous     earthy     [■iios- 

/•itATics  AND  CARBON  A  TKs  mav  \k  precipitatei]   in   any  urine  l)y  the 

■idditKin  of  a  little  fixed  nikah.     A  >oniewhat  >^iniilar  precipitate  forms 

upon  heating  a  weakly  acid  or  alkahne  iirini:  for  albumin,  j-ince  the 

acicl   salts  arc  changed  to  insoluble  basic  ones.     Both  are  sohible  in 

acetic  acid,  (he  carlwnatcs  with  gas  evolution.     They  are  the  chief 

constitucm  of  the  sediment  of  an  alkaline  urine,  and  may  be  present 

in    fresh  nrine  in  cases  in  which  much  acid  is  lost  from  the  stomach,  as 

in    Iiypersccretion  with  voniitinfj  or  treated  by  lavage,  or  if  diarrhoea 

he  present,     hi  the  so-called  phosphaturia,  however,  the  total  amount 

of   phosphoric  acid  is  not  increased.     Microscopically,  this  precipitate 

^Pr»«ars  as  xcxy  coarse  colorless  grannies  varying  considerably  in  size. 

*vhicl»  disappear  on  the  addition  of  a  little  acetic  acid.     By  the  gas 

fc>»*»ned  it  may  be  seen  which  granides  were  carbonates. 


fic.  IS,  -VirltHu  iDimi  al  Iii|>lt  t>hoi>|})ulc  iFyiUls.  .•  tro,  Tottit  Irll  ai*  ivffin-lnl  >hdim ,  in  the 
'iXiM  mnie  ■  pcricti  iJiysmid  ,  ihal  in  Ihe  upprr  l*lt  eooitr  reiwiblCT  ncuinil  in»Bn«luin  phoNphnU  \ 
^^t«  in  IM  Uppvr  rixht  it  ■  paniilly  rilmolvnl  crytlnl. 


(2)  Triple  Phosphates.  MgNIl,P0^6HaO. — Tlicsc  beautiful 
Crystals  (see  Fig.  351  appear  in  urine  even  still  acid  as  soon  as  sufti- 
cient  ammonia  is  present  to  fonn  them.  They  accompany  usually  the 
amorphous  carl)onatcs  and  phosphates,  and  often  ammonium  urate, 
and  may  t>e  the  chief  constituent  of  the  sediment.  They  belong  to  the 
rhombic  system,  and  vary  in  size  from  those  very  small  to  some  even 
9  mm.  in  length.  Of  their  !*hapcs,  the  so-called  coffin-lid  crystals  are 
characteristic  (see  Fig.  35).  They  arc  often  very  irregular  and  of  a 
great  variety  of  shajws,  due  to  rapid  crystallization  from  a  c^mcen- 
trated  solution,  or  especially  as  they  become  partially  dissolved.  leaving 
X-forms,  Some  are  said  to  resemble  calcium  oxalate  crystals,  but  we 
doubt  this,  since  even  when  perfect  pyramids  with  square  base  the 
difTerencc  is  apparent  (  see  Tig.  35V 

Fern-shaped  crystals  occur  especially  in  sediments  artificially  pre- 
cipitated. 
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In  some  urines  these  crystals  are  nearly  all  of  unusual  shapes, 

very  thin  plates   (see  Fig.  35).  some  with  bevelled  edges,  some  a[>- 

parently  not;  some  with  square,  some  rounded  or  bevelled  corners  ~ 
some  are  wedges  (see  Fig.  36),  some  triangular  prisms:  yet  all  giv^^ 
by  refraction  a  greenish  hue  which  is  not  seen  in  the  calcium  oxalate' _ 

Neutral  Magnesium  Phosphate.  Mg3(POj):.22H20. — Thes^ 
very  rare  crystals  ( see  Fig.  42.  h)  occur  in  alkaline  urines  in  which  not 
sufficient  ainnionia  is  present  to  form  the  alx>ve.     Such  is  the  case  in 
certain  cases  of  dilated  stomach  with  considerable  vomiting,  and  also 
after  the  ingestion  of  magnesinin  carbonate,  etc.     These  crystals  are 
exceedingly  refractile.  long  rhombic  tablets  with  bevelled  edges.   They 
form  a  beautiful  sediment.     Some  reseinble  the  very  thin  coffin-lid 
triple  phosphate  crystals  (see  Fig.  35). 

DicAi.cHJM  Phosphate. — These  crystals  form  in  amphoteric  or 
weakly  acid  urine.    They  are  rare.    They  appear  as  small  prisms  or 


u-^ 


Fig.  36.— Alypical  forms  of  triple  phos- 
phali  cijslals.    /.  400. 


Fig.  37.— WtdRH  of  riic«kium  ptiosphmie. 


wedges  in  irregular  clumps  (see  Fig.  37),  or  are  massed  together  in  ro- 
settes ( see  Fig.  42,  fl )  or  fan-s!iapcd  clusters.  These  masses  or  rosettes 
are  usually  so  thick  that  the  individual  small  crystal  can  hardly  be  made 
out.  A  rather  unnsual  form  of  probably  calcium  phosphate  is  shown 
in  Fig.  3S.  Thcv  occur  when  the  urine  is  rich  in  calcium  and  only 
weakly  acid:  anmng  diseases,  especially  in  joint  troubles.  They  are 
soluble  in  acetic  acid.  They  may  he  separated  from  triple  phosphates, 
since  jo  per  cent,  ammonium  carbonate  will  dissolve  these  and  not  the 
latter. 

C.\LCii'M  Carhonate. — These  crystals  (  see  Fig.  39)  may  be  min- 
gled with  the  amorphous  carbonates  in  an  alkaline  nrine.  They  occur 
as  amnrplKius  masses  or  as  dumli-l>ells  a  little  like  CaOx.  or  large  con- 
centric radiating  spheres.  They  are  soluble  in  acetic  acid  with  gas 
formation. 
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Neutral  calcil'm  PHosniATE  also  fontis  a  scum  on  the  surface 
of  tlic  urine,  even  when  (|uitc  I'rcsh,  giving  llie  appearance  of  a  film  of 
•^n.and  wliicli  may  be  easily  skimmed  off.  This  consists  of  an  ainor- 
Pl»«us  ]>rvcipitatc  ivhidi  umler  the  niicruscopc  resembles  sheets,  oficii 
*««i  when  one  is  not  carcfnl  always  to  wipe  off  the  ouisiilc  of  a  pii)ette 
W/urc  making  a  preparaiion  for  microscopic  examination. 

Oxaluria, — This  symptom  complex,  formerly  so  respected,  has 
fnUen  into  disrcpnic.  'Hie  nld  criterion  for  its  presence  was  a  large 
^(linient  of  CaOx  crystals,  but  tliis  sedimaitation  does  not  depend  so 
much  on  the  toul  amount  of  oxalic  acid  present  as  it  does  on  its 
ulnbitity.  Yet  it  is  of  nnich  practical  importance,  since  CaOx  occurs 
JO  often  in  calculi,  in  e\cn  30  to  50  per  cent,  of  than,  and  these  are 
llie  worst  stones,  llie  chief  source  of  the  OiOx  is  the  food,  cer- 
tain vegetables,  as  beans,  artichokes,  beets,  potatoes,  and  especially  to- 


pics. jIL — Cnlcium  phoaphau  ()).    x  4De. 
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BtttocSt  spinach,  rhidiarb,  certain  fruits  and  grains,  cocoa,  tea,  coffee 
being  particularly  rich.  The  most  ingested  is  destroyed  in  the  intes- 
tine, only  15  per  cent,  of  the  oxalic  acid  being  absorbed:  ibts  is  dis- 
solved by  the  HCl  in  the  stomach  and  excreted  qu.intitalively  as 
CaOx ;  about  10  per  cent.  1;^  in  the  stools,  the  rest  is  destroyed  by  the 
intestinal  bacteria  and  ferments.'** 

To  reduce  the  output,  meats,  fats,  grains,  rice,  apples,  jwars  may  be 
allowc<l.  These  contain  less  calcium,  the  important  point  in  prevent- 
ing this  precipitation.  In  health  the  output  is  about  io  mg.  per  day, 
with  an  upper  limit  of  35  mg.  .Mthough  the  most  comes  from  the 
food,  yet  a  certain  amount  is  from  tissue  combustion,  since  some  is 
present  e\'en  in  the  urine  of  a  starving  person.  Many  consider  oxalic 
acid  a  normal  decomposition  product  of  uric  acid;  others  that  glyoo- 
coll  and  creatin  are  the  oxalate  formers.  Some  may  be  reabsorbed 
from  ihe  bile.  Bakhoven  thinks  that  of  the  foods  the  c;irbohydrates  are 
KIcinpcrcr  *nd  Trilnchler,  Berl.  klin,  Wochcniichr.,  1901,  p.  1389. 
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the  chief  builders.  It  bears  no  relation  to  the  uric  acid  excretion ;  the 
latter,  for  instance,  can  be  increased  by  the  nucleins,  which  do  not  affect 
the  oxalic  acid  output. 

Among  the  diseases  claimed  to  be  accompanied  by  oxaluria  are  pul- 
monary tuljerculosis,  peritoneal  tuberculosis,  pernicious  ansmia,  leu— 
k^emia,  in  which  condition  the  output  is  claimed  to  be  33,2  to  53  mg- 
per  day,  jaundice,  diabetes  mellitus,  gout,  diseases  of  the  digestive 
and  respiratory  organs,  cirrhosis  of  the  liver,  and  especially  neuras- 
thenia.    It  bears  some  relation  to  the  absence  of  HCl  in  the  gtistric 
juice  and  to  fermentation  processes  in  the  intestine.     In  diabetes  melli- 
tus a  large  output  is  quite  surely  present.    This  increases  as  the  sugar 
diminishes  (vicarious  oxaluria).     Kaunyn  mentions  three  cases  with 
quantitative  estimations,  one  with  0.8  gm.,  the  second    1.2  gms.  in 
twenty-four  hours,  the  third  with  0.5  gm.  per  litre.     In  the  case  of 
neurotic  persons  an  increased  output  is  generally  granted,   and  v. 
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Fjc  39. — Calcium  carbonalc. 
Xtw. 


Fig.  40.— Virious  Eonns  ol  cilcium  om- 
l«te  crysul*  and  sphf  res.    y  400. 


Fic.  41.— A  Tate  fonn  of  cal- 
cium oiBlalc  cTystals. 


Jaksch  considers  it  an  indqjendent  disease,  since  it  may  be  the  only 
almorniaiity  found.  The  symptoms  in  such  cases  are  those  of  neuras- 
thenia and  dyspepsia.  It  is  of  interest  that  insurance  companies  now 
regard  "  oxaluria"  a^  an  early  sign  of  nephritis. 

Calcium  oxalate  crystals  may  precipitate  in  any  urine.  The 
cause  is  not  fully  known,  but  their  increased  presence  it  is  hard  to 
associate  with  any  pathological  condition.  Tliis  precipitation  is  most 
imjiortant  clinically.  The  real  rjuestion  is.  Why  is  any  in  solution? 
Klemjierer  and  TritschJer  ""  consider  all  the  acid  phosphates  aid  in 
holding  it  in  solution,  the  salts  of  soilium  least,  calcium  more,  mag- 
nesium most,  and  something  depends  on  the  absolute  ampunt  of  CaOx. 
The  crystals  occur  in  two  forms: 

(i)  The  octahedral,  which  belong  to  the  tetragonal  system  (see 
Fig.  40),  These  resemble  double  envelopes  or  prisms,  and  may  be 
recognized  from  their  appearance  fCaCnOjjH.^O). 

'"  Zeilschr.  f.  klin.  Med.,  1902,  vol.  xViv.  p.  337. 


(i)  Spheroidal  fornis  (see  Fiff.  40)  which  are  flat,  oval,  or  nearly 
sernicirnilar  with  a  central  groove;  hence  they  rc^einble  an  hour- 
filsss.    They  often  present  a  radial  strialion  (CaCvU.HjO). 

A  rare  form  i>i  crystal  is  represented  in  Fig.  41,  Rat  plates  with  par- 
*lld  sides  and  rounded  ends,  which  look  like  superimposed  sheets  of 
*nia.    In  a  recent  case  the  urine  had  a  great  many  of  the>c. 

These  crystals  are  usually  colorless,  but  may  be  bile-stained.  Tliey 
arc  transparent  and  very  refractive.  Tliey  are  insohtble  in  water,  very 
Ititle  if  any  in  acetic  acid,  but  easily  in  any  mineral  acid.  Their  crys- 
tallization probably  depends  on  the  amonnt  of  oxalic  acid,  on  the 
relative  amount  of  NaHjPO,  which  has  .i  greater  ability  in  holding 
CaOx  in  solution  in  a  warm  than  in  a  cold  urine,  and  especially  in  in- 
verse proportion  to  the  amount  of  magnesium.  As  the  precipitate 
fonns  very  slowly,  perfect  crystals  fonn.  They  may  be  found  in  acid, 
amplioteric.  or  weakly  alkaline  urine,  and  arc  sometimes  present  in 
the  specimen  when  voided. 

They  attracted  considerable  attention  among  the  older  path- 
ologists, as  their  irritation  wa-S  supposed  to  explain  several  of  the 
symptoms  and  bad  habits  of  neurotic  individuals.  Hie  shape  of  the 
octahedral  forms  is  (|uile  characteristic,  and  these  ciiuiol  well  be  con- 
fused. Apart  from  their  shape,  their  rcfractivity  is  very  suggestive, 
and  it  is  only  on  hasty  examination  that  they  could  be  mistaken  for 
triple  phosphate  crystals,  even  when  the  latter  arc  square  and  perfect, 
but  single,  pyramids.  They  may  also  be  easily  sqjaraled  from  these 
by  their  insolubility  in  acetic  acid.  The  spherical  forms  could  be  mis- 
taken for  CaCOj.  but  these  are  sohdile  in  acid  with  gas  production  and 
show  a  different  structure. 

QUAXTiTATivK  DtTCBMiNATioN  OP  OxALic  AciiK— Tlic  Neumann'!!  method  i*  aa 
MIows:  Th<  twenty-four  himn'  atnoimt  of  urine  Jt  prccipitalcd  with  caktuRi 
chloride  snd  Rnitiinnin.  and  llien  acciic  acid  is  added  uiiiil  a  weak  acid  reaction. 
A  mnall  amount  of  alculiol  tli>-mul  aolulion  it  then  added  in  inhibit  liaclerial  icrowth. 
The  precipitate  aficr  lone  Msndinc.  over  twenty-four  huurs  in  a  wann  place,  ii 
waihed  several  limei  by  decantation.  pouring  the  tltiid  through  the  fitter,  tlien  the 
prcci|»lale  brouKlu  onto  the  paper  Waih  as  much  a*  powiUle  by  decunlation, 
»ii»ee  the  fine  prccipilaie  easily  pal1C^  through  the  paper.  The  precipitate  is  theji 
disM>1ved  in  somewhat  warmed  ddute  HCI,  and  the  paper  wathcd  with  water 
tintil  the  acid  reaction  di^appearv  The  liltralc  i^  evaporated  in  a  porcelain 
diih  on  the  nater-bath  to  a  &ma1l  volume.  The  Itiiid  ii  then  placed  in  a  imall 
nout  cj-linder.  the  difh  being  washed  with  water  and  tlihite  HCI.  and  the  wash- 
water  added  to  the  fluid.  Ammonia  h  then  added  iti  excc<<  and  Ihe  whole  iiained 
with  a  (cw  drops  of  litmus,  to  be  sure  o(  the  rc.iction.  After  long  vtanding.  at  least 
twenty-fotir  hours,  the  prccipil^ite  id  brought  onto  .in  aihtcM  filter  paper.  It  it 
twcciurjr  10  remove  the  cryMati  from  ibc  watlt  of  the  cylinder  by  rubbing  well 
with  a  ((lass  rod  protected  wilh  a  «niall  piece  o(  rubber  tubing  The  precipitate  t» 
Il»cn  waihed  with  w.iler  until  it  i*  cblorinefrec.  and  then  with  acetic  acid.  The 
6ller  is  then  dried.  htirncU  in  a  platinum  crucible  at  a  dull  red.  then  heated  with  a 
bLa»l  flame  until  at  ronilam  wei|{bl.  Calcium  oxalate  is  thus  transformed  to  cal- 
dnm  oxide.  $a  parts  of  which  correspond  to  00  parts  of  oxalic  acid. 
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Calcium  Sulphate,  CaSO^aHjO. — This  is  a  very  rare  sediment: 
occurring  in  very  acid  urines.  The  crystals  (see  Fig.  42,  a)  are  1003* 
and  thin  tablets  or  needles,  single,  but  more  often  in  clusters,  which  are 
insoluble  in  NH^OH,  alcohol,  and  acetic  acid.  They  are  difficultly 
soluble  in  HCl,  HNO;,,  and  hot  water.  They  are  more  soluble  in  hot 
water  than  in  cold.  The  solution  should  be  tested  with  BaCl^,  to 
make  sure  of  sulphuric  acid. 

Hippuric  Add.— This  acid  occurs  rarely  as  a  sediment,  as  milk-white,  semi- 
transparent,  four-sided  prisms  and  rods  with  ends  of  two  to  four  planes  (see  Fig. 
42,  c).  These  are  distinguished  from  uric  acid,  wliich  they  may  resemble  in  fornn, 
by  their  greater  solubility  in  water,  especially  in  warm,  their  solubility  in  alcohol  and 
ether,  and  thai  they  do  nol  give  the  niurcxid  test.  The  normal  amount  of  hippuric 
acid  in  the  urine  is  from  o.i  to  i  gm.  per  day.  and  varies  as  the  diet. 
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Fig.  4a.— Various  cryatal».    a.  calcium  sulphatt ;  b.  nfuiral  maenfiiuni  piiosphalF  \  c,  hippuric  acid ; 
d.acid  calcium  pbosphaip;  p.  colorless  uric  acid     (Copied  from  kieder'a  Atlas.) 

Hetero-albumose. — In  two  cases  it  has  been  found  in  the  sediment,  once  crys- 
talline and  once  amorphous. 

Xanthin. — Two  or  three  cases  have  been  reported  in  which  xanthin  crystals 
appeared  in  the  si-dimcnt.  These  resembled  uric  acid  somewhat  (see  Fig.  43,  d),  but 
are  soluble  on  healing  and  in  ammonia.  They  are  evaporated  in  quite  concentrated 
HNOi  on  a  bath,  and  give  a  yellow  residue.  On  careful  heating  further  over  a 
small  tlame  this  becomes  intensely  yellow,  and  if  KOH  be  added,  yellowish-red. 
Warmed  further,  it  becomes  a  cleepcr  red.  even  a  violet-red.  This  is  not  the 
murexid  test,  and  should  not  be  confused  with  it, 

Haematoidin  (Bilirubin). — Tiiese  crystals  appear  as  needles  (Fig. 
43,  a)  or  rhombs  (b)  in  the  sediment,  sometimes  in  hemorrhagic 
nephritis,  and  in  very  jaundiced  urine  es|>ecially  after  acid  is  added. 
in  acute  yellow  atrophy  and  in  fragments  from  cancers.  They 
also  occur  in  pyonephrosis  and  after  transfusion.  In  the  jaundice  of 
the  newborn  they  occur  in  the  epithelial  cells  of  the  urine.  They  have 
also  been  found  in  waxy  kidney,  scarlet  fever,  t^-phoid  fever,  and  car- 
cinoma of  the  liver  with  jaundice.  They  also  occur  in  amorphous  form. 
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taMgO. — Tlw  crysuU  o(  indico  may  occur  in  normal  decompoaing  urine  as 
t  Kvm  of  blue  Dccdict  Btrangctl  in  i^Urt,  of  blue  rhombic  pUiCK,  soluble  in  chloro- 
form 10  bloc  solution.  These  are  more  often  seen  in  the  deccmiyoiing  urine  ot 
jiriioniti*.  pjelonephritis  etc.  One  al*o  sees  vioki-red  bundlci  of  crysuls  or 
ptutiof  indigo-red. 

Mtlanin  hx%  been  iounil  ruiely  as  amorphous  scaler 

Rsmoglobln  occun  in  caies  of  hemoglobinuria  a,*  amorphoui  tealei,  plates, 
w  n«s 

Ctiolesttrin.— OKilcsterin  sonieiiines  occurs  in  flat  superimposed 
piuc,  often  with  rv-etitrant  aitglcs  (see  p.  625),  in  sucli  amuiints  as 
» justify  the  tenii  "  cholesleriiium."  It  is  always  fuimd  in  a«soci- 
iticm  with  other  fats.  This  may  occur  in  vesical  caiarrli.  especially  in 
pjftlitis.  pyonephrosis,  echinotoccits  c)'sts  of  the  kidney,  and  nephritis. 
The  crysLtls  are  also  formed  from  the  fatty  flegeneration  of  pus-cells 
and  of  hrcaking-down  tissue.  It  is  rare  from  fatty  degeneration  of 
the  kidneys,  and  docs  not  occur  in  ctiyluria,  in  which  case  one  would 
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'lb IIp^VbtIqiu cryM«]« of  the  urine    iiLbvcnAlfridfn  nvcdirv;  b.  turmaJoifTin  crystals^  c,  Icueln; 
d,  nntbin,  •,  t)rrDiln.    iCopwd  from  vsriousiimbon.i 

Mp«t  it.     HirschlalT  ""  repi*ns  a  case  of  hydronephrosis  (thought  to 
ttduc  to  a  slfMie  and  with  the  emptying  of  a  large  sack)  with  even 
gms.  of  cholesterin  in  100  cc.  of  urine.     Wc  had  a  case  of  long 
:ing  cholesterinuria  of  considerable  degree  in  a  case  of  renal  cyst 
itrtftU  nature. 


Qioku«rin  is  Insoluble  in  cold  alcohol,  but  easily  in  hot.  reprecipitating  on 
_  ilinc,  and  in  xiluble  in  chloroform.  If  ihc  cholc«icrin  solution  be  superimposed 
"-ft;  eoneenirated  HiSOi.  the  former  solution  is  first  Moud-ri'd,  then  more  viotei-red, 

►hilf  the  sulphuric  acid  becomes  dark  red  with  green  fluorescence  (Salkowski). 

If  the  cryitals  microacopieally  be  brought  into  contact  with  H»SOi  4  parts.  H>0 

I  pan,  ihU  pliy  of  colors  can  be  watched 

Lrucin  and  Tyroaiti. — l-cucin  and  tyrosin  occur  in  the  urine  in  cer- 
tain pathological  conditions.     As  a  spontaneous  sediment  Icucin  does 
:  occur,  while  tyrosin  has  been  found  in  very  few  (three)  cases,  one 

"  Deuiscbei  Aich.  (.  klin,  Med.,  1899,  vol.  Isii.  p.  531. 
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of  which  was  of  acute  yellow  atrophy,  one  of  phosphorus  poisonMB 
These  bodies  may  often  be  found  in  sohnion  in  acute  yellow  atropn^ 
phosphorus  jmisoning,  rarely  in  smallpox,  severe  tj-phoid  fever,  per- 
nicious an.'emia  and  leukariiiJa.  With  the  exception  of  the  few  ca^s 
in  which  the  tyrosiii  sheaves  have  been  found  in  the  unconcern  rated 
urine,  it  is  necessary  to  cvaiM>rnie  the  urine  to  about  one-tenth  its 
voUinie.  The  addition,  then,  of  alcohol  will  usually  give  a  sedimenta- 
tion of  needles  of  tyrosin  an<l  spheres  of  leuciii :  jwrptone  and  lactic 
acid  are  also  present.  The  needles  of  tyrosin  are  black  in  appearance 
and  are  grouped  togeihcr  like  sheaves  of  wheal  f  see  Fig.  43,  e).  Since 
jaundice  also  occurs  in  practically  all  cases,  the  crystals  of  bilirul»n 
nuist  be  excluded ;  these  have  an  intense  brown  color,  but  in  some  cases 
a  rather  similar  shape.  In  an  alkaline  urine  the  calcium  phosphau 
must  be  excluded.  Leucin,  if  pure,  is  in  groups  of  sphenilcs  ( see  Fig 
43.  c)  which  have  little  refractility  and  hence  differ  from  the  urates 
Tliey  have  a  much  clearer  contour  and  no  spicules,  and  a  hyaline  or  1 
radiating  structure.  Their  appearance  varies,  however,  with  thci 
purity,  and  if  impure  they  may  l>c  in  spheres  or  masses  with  w 
hyaline  structure  whatever.  They  may  have  a  dark  centre  and  a  clea 
periphery,  or  via-  z-rrsa. 

Tfie  microscopical  diagnosis  of  these  bodies  is  almost  never  suffi 
cient.  but  should  he  confirmed  by  chemical  tests.  In  so  doing  it  1 
quite  necessary  to  use  a  fresh  urine,  since  these  bodies  rapidly  an> 
easily  fonii  in  a  decomposing  albuminous  urine,  hence  in  an  old  urin 
the  {|uestian  is  whether  they  are  prcfomicd  or  not. 

In  all  tests  it  is  necessary,  first,  to  remove  the  albumin  by  heat  an* 
acid  and  examine  the  filtr.ite.  This  is  first  precipitated  with  neutra 
then  with  basic,  lead  acetate  until  all  precipitation  ceases.  Tlie  uriii 
is  then  filtered,  the  lead  removed  with  HjS.  the  filtrate  concentrate 
by  evaporation.  The  tyrosin  even  now  separates  out  slowly  if  in  cot 
siderahle  amount.  The  concentration  should  lie  carried  on  to  ver 
small  volume,  and  the  urea  extmcied  by  absolute  alcohol.  The  resr 
due  is  then  boiled  with  weak  ammoniacal  alcohol  and  the  filtrate  i 
again  evaporated  to  small  volume  and  then  allowed  to  cr>-stallia 
The  leucin  or  the  tyrosin  will  separate  nut,  that  one  first  which  fin 
becomes  saturated.  The  partial  separation  may  Ix*  obtained  with  alcc 
hoi  in  small  volume  which  dissolves  the  leucin  more  easily  th.in  th 
tyrosin.  If  no  precipitate  appears,  again  dilute  and  precipitate  wit 
basic  lead  acetate  ami  repeat. 

A  beuer  sc[iar3tion  of  leucin  and  lyrosin  is  tlie  following.  Tlie  residue  afti 
evaporation  i*  dissolveil  iti  ImilinK  water  plus  a  lititc  amninnia.  To  the  hoi  soil 
tion  i»  added  tiMie  lead  accl.ite.  itirring  alt  the  wliile  until  the  precipitate  is  it 
loneer  brown  tiiii  wtiitc.  Ii  is  then  filtered,  heated  nenrly  lo  hoiling,  made  tlichtl 
acrd  with  dilute  HiSO,.  and  then  boiled  to  drive  off  the  ammonia  and  to  pr< 
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tthf  k«d.  It  ii  ili«"i  ra|)i(lly  frliercil  and  cooled.  The  tyrosin  will  prccipituie 
i|uantiutivel)'.  To  (he  toluiJQn  is  added  I1.S  to  precipitate  the  tc^td.  and 
e  i>  ii-aporatcd  lo  smaller  volume.  Wlnlc  boiling  Cu(OH)i  (rMhly  prcci|iilaied 
fMti  in  excc««  and  (lie  boiliiift  cotiiinucil  fur  a  few  minute:!.  The  precipitate 
*iTI  ciMiiain  pan  of  llie  leucin.  Thit  precipiiaic  in  Mitpeodcd  in  boiling  wnier. 
iKumptttcd  with  H.S.  and  a  little  acetic  acid  added.  U  ia  lUeii  liliered.  The 
tknie  it  dccoloriied  vrjth  animal  chnrtoat  and  cv.iporalcd  to  small  vnUime.  On 
(Mlint  the  Icuciii  will  separate  out.  The  fcsl  of  this  body  will  be  in  the  blue 
topper  codipound.  It  i»  very  hard  (o  get  leucin  pure,  although  it  cnn  be  done  by 
ftraing  its  ethyl  «ter, 

Tyrosin,  QH^CHaCIiN'H.COOH.— Tyrosin  crystals  (see  Fig. 
^3.0  precipitate  from  water  solutiuns  in  buiullcs  of  needles  arranged 
hbe  sheaves  of  wheal,  fnim  aniinoniacal  alcoliul  in  bnnches  of  prisms. 
These  arc  soluble  in  water,  slightly  in  alcohol,  not  at  all  in  ether,  and 
OBjly  in  acids  and  alkah'cs.  Its  crystalline  shapes  arc  not  characteris- 
tic The  se<Iinient  should  be  fihered  out.  washed  with  water,  dis- 
scivtd  with  ammonia  phis  a  hltle  ammonium  carbonate  in  warm  solu- 
tion, and  evaporated  until  it  recrystallizcs.  The  chemical  tests  caimot 
be  matte  directly  in  the  urine. 

1'iria's  TiiST. — Some  drj-  tyrosin  is  placed  in  a  test-tube  and  a  few 

(of  concentrated  H^SO,  added.    This  is  warmed  gently  and  then 

1»iM  in  a  water-bath  fur  half  an  hour.     A  red  solution  of  tyrosin 

sulphate  is  obtainctl.     The  sohition  is  cooled.     To  it  .'should  be  added 

■  wtral  volumes  <)f  water,  washing  the  tube  well,  it  neutralized  with 

BBiCO],  and  filtered.     The  filtrate  is  evaporated  to  a  few  cubic  ccnti- 

VcKlKs.  and  weak  FejCIo  is  then  added  (^.icid-free)  to  the  cooled  solu- 

<»n,  A  fine  violet  color  results.    This  test  is  prevented  by  free  niin- 

*nl  .icids  or  an  excess  of  FejGo. 

The  hot  aqueous  solution  of  tyrosin  gives,  with  Millon's  reagent. 
(Hg{NOM),-(-KNOs),  while  hot  a  fine  red  color,  and  an  abundant 

InO  precipitate. 
Uucin    (CHj,),CHCHsCHNHjCOOH.— Leucin    is    present    as 
fpiwtiles;  their  color  and  regularity  of  outline  depend  on  the  purity 
"f  the  ipecinien.     Often  daugbler  sjiherules  project   from  them,  and 
iht}'  frequently  show  a  sirialion.     Leucin  { see  Fig.  43,  c)  is  soluble  in 

H*iKr,  less  in  alcohol,  and  very  in  acids  and  alkalies.  All  of  these  cotn- 
pomwlsare  more  soluble  in  an  impure  than  in  a  pure  condition.  None 
should  ever  be  expected  in  a  sediment  imtil  the  urine  is  concentrated. 

H  It  ii  isolated  by  llic  above  methods.  For  the  chemical  tests  it  must  first 
bt  purified  by  recrystallizing  from  hot  ammoniacal  alcohol.  The  char- 
acifr'stic  tesls  are  its  crystallized  form  when  pure,  the  fact  that  it  sub- 

Hlbnft  at  a  gentle  he.it  at  170°  C.  without  fusion  to  a  woolly  mass  and 

B*ith  ihe  (xlor  of  amylamine. 

I     Sciiereb's  Tkst. — Pure  leucin  phts  a  little  HNO.,  is  evaporated 

B*  1  platinum  foil.  A  colored  residue  is  obtained.  The  slight  residue 
!•  Mfmed  with  NaOH,  and  a  water-clear,  if  pure,  or  colored  if  im- 
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pure,  fluid  results.  This  is  evaporated  carefully  and  an  oily  fluid  ob- 
tained which  rolls  around  without  wetting  the  foil.  This  test  is  char- 
acteristic for  even  impure  leucin. 

Salkowski's  Test. — To  the  specimen  is  added  a  little  water  plus 
one  or  two  drops  of  lo  per  cent.  CuSO,.  A  blue  solution  is  obtained, 
{CgHigNOjjjCu,  which  does  not  reduce  on  heating, 

Cystin. — This  rare  condition  (only  131  cases  now  reported  in  lit- 
erature. Simon  and  Campbell),  which  occurs  in  certain  persons  per- 
haps during  their  whole  life,  is  accompanied  by  no  symptoms  except 
those  from  the  calculi  formed ;  some  persons  undergo  repeated  opera- 
tions because  of  these  stones,  and  live  a  life  of  misery.  The  formation 
of  calculi,  however,  is  intermittent,  and  after  a  period  of  misery  the 


Fig.  44. — CyUin  cryitmli  from  urine.    X  400. 

person  may  for  a  long  time  be  free.    The  output  of  cystin  is  in  some 
cases  intermittent. 

Cyslin  is  a  normal  intermediale  product  of  normal  proteid  metabolism,  the 
sulphur  portion  of  the  proteid  being  for  the  most  part,  possibly  all,  in  this  radical. 
It  is  not  normal  in  the  urine ;  if  fed  to  a  normal  person,  about  66  per  cent,  of  its  sul- 
phur is  excreted  as  sulphates  and  about  one-third  as  neutral  sulphur;  none  as  cys- 
lin. Simon  and  Campbell  "'  think  some  is  eliminated  in  the  bile  as  taurocholic  acid. 
Why  it  should  be  excreted  is  not  known.  There  are  two  general  theories, — the 
one  that  it  is  the  product  of  an  intestinal  mycosis,  which  is  borne  out  by  the  fact 
that  both  intestinal  contents  and  urine  contain  certain  diamines,  as  cadaverin, 
putrescin,  and  others;  the  other,  that  it  is  an  individual  variation  in  metabolism, 
an  inability  on  the  part  of  the  organism  to  oxidize  the  cyslin  nucleus. 

In  the  urine  while  fresh  are  seen  hexagonal  transparent  crystals  of 
cystin.  These  crystals  (see  Fig.  44)  are  very  characteristic,  yet  not 
absolutely  so,  since  in  certain  cases  the  uric  acid  may  assume  this 
form.  Sometimes  large  concretions  form,  from  a  pin-head  size  to 
I  cm.  in  diameter,  which  are  rather  soft  and  waxy,  crystalline  on  cross- 
section,  an<l  arc  of  a  whitish-yellow  color.  These  crystals  are  soluble 
in  ammonia  and  reprecipitaled  by  acetic  acid,  a  test  whicli  must  be 
applied  to  exclude  uric  acid. 

"'Johns  Hopkins  Hosp.  Bull.,  1904. 
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UV  have  seen  but  four  cases.  One  of  these  patients  lias  on  many 
(lOfisious  for  some  years  liad  these  stones  crushed.  Another  case,  a 
iiiiman,  was  distressed  for  years  by  these  cuncrelions.  but  refused 
•jicratiun,  and  as  she  has  since  then  attained  considerable  success  in 
[luUic  bfe.  we  presume  that  the  stones  no  longer  bother  her  so  much. 

The  urine  in  such  cases  on  standing  often  gives  the  odor  of  HjS. 
It  is  in  this  condition  )>articul3rly  that  the  neutral  sulphur  of  the  urine 
ii  brgely  increased,  and  the  neutral  sulphur  is  the  l)est  index  of  the 
imoiint  of  cystin  present. 

The  pre.wncc  of  diamines  in  the  urine  and  in  the  fteces  in  traces 
hjj  attracted  sonic  attciuion.'^^ 

There  ixcurs  sometimes  putrescJn,  sometimes  cadaverin,  sometimes 
baih,  and  their  presence  is  varialile  and  intermittent.  I^wis  and  Si- 
mon, in  1902.  stated  that  the>-  had  been  found  in  seven  cases. 

Btumann'i  method  (or  their  delcciion  i*  a»  follow* :  The  twenty-four  hour 
innunt  of  urine  Is  '.hakrii  up  with  10  per  ceiil,  NaOH  and  Iwiuoytchloriile  I  iti  the 
pqimion  of  tfiOO:  ioo:  iS)  umil  the  oiUir  of  hemoylchlnritle  i*  gone 

T)it  preciptiate  (of  phosphates,  carbohydrates,  and  bciuoylated  diamines)  Is 
SIifH  with  the  aid  of  a  «uc1  ion -pump.  The  prccipiiaic  i«  digcMcd  wiih  alcohol. 
Wittrd,  ihe  extract  evaporated  to  *niall  voUtnic.  ,10  ToUimc*  of  water  added,  and 
»IWed  to  stand  twelve  to  forty-eight  hour.i.  The  henzoylntcd  di.tminci  ncparnte 
en  in  ihe  milky  tliiid  as  a  ^'oll1l^inotl^  sediment  of  while  cryslah.  Thi«  i« 
nrtiwolvcd  in  ntcohol.  concentrated  lo  »mnll  volume,  and  dihiied  again  with  water. 
Till  it  repeaieil  several  time*  to  separate  the  carhohyd rates 

From  the  lirM  filtrate  more  may  he  recovered  by  acidifying  with  IltSO.  and 
oitittinB  three  times  wtili  ether  To  the  ether  residue  is  added  u  per  cent. 
XtOH  lilt  neutral,  then  .1  10  4  volumes  of  the  alkali.  Thi.s  i«  then  kept  in  a  cold 
plxc  for  crystal  ligation  and  crysiali  of  cy^tin  nnd  the  diamine;  wilt  separate. 
Tlty  »re  filtered  and  suspended  in  cold  water :  the  benroylchUiride  eryMaU  remain. 

The  crystals  are  dissolved  in  a  little  warm  alcohol,  then  a>  volumes  of  ether 
*^;  betwojrlpmrcMin  is  precipitated,  melting  point  175°  to  176*  C  The  ether 
•indue  contains  ben royl cadaver!  11,  mcllinz  point  tag'  to  130°  C 

Unorganized  Sediments. — The  following  outline  for  use  in  recog- 
viiingaii  unorganii:ed  sediment  is  so  nsefid  that  we  quote  it  in  full  as 
Ci'W  by  Xcubaucr  and  Vogel. 
A.  Acid  urine, 
(o)  Sediment  amorphous. 

jl)  Sediment  consists  of  fine  grantilcs  in  clumps,  minglefl  witfi 

.  -ni  are  crystals  of  uric  aciil  and  calcium  oxalate:   urate  sediment. 

TTus  sediment  is  soluble  on  warming,  and  if  a  drop  of  strong  acetic 

Kid  be  added  the  granules  gradually  disappear  with  the  subsequent 

tparation  in  a  few  hours  n{  uric  acid  crystals. 

{3)  Duml)-bell  shaped  IxMlics. 

ia')   Insoluble  in  strong  acetic  acid.  sciUdile  in  concenlrated 
Mrochloric  acid  without  snbsec]uent  crystallization;  calcium  oxalate. 

■Simon.  Am.  Jour.  Med.  Sci..  1000,  vol  cxix.  p.  39:    itKU,  vol.  cxxiiL  p.  838: 
'tllkrB  ttiA  Garrod.  Lancet.  AiiguM  M-  'V>t. 
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(&')  Insoluble  in  concentrated  hydrochloric  acid;  probably 
calcium  sulphate.  The  sediment  should  be  filtered,  washed,  dissolveni 
in  much  hot  water,  and  tested  for  calcium  and  sulphuric  acid. 

(3)  Very  refractive  globules,  soluble  in  ether;  fat. 

(4)  Amorphous  yellow  granularmasses :  bilirubin  or  AtpmotouJf'M. 
(ft)  Sediment  crystalline. 

( 1 )  Yellow  or  brown  whetstone-shaped  crystals,  single  or  ro- 
settes, alone  or  with  amorphous  urates  and  calcium  oxalate :   uric  acid. 
These   crystals    are    soluble    in    sodium   hydroxide,    then    with  tJic 
addition  of  concentrated  hydrochloric  acid  a  reprecipitation  of  uric 
acid  crystals. 

(2)  Small  yellow  rhombic  tablets  alone  or  with  amorphous  gran- 
ular tablets  of  the  same  color,  often  embedded  in  tissue  detritus :  bili- 
rtibitt  or  hamatoidin. 

(3)  Colorless  (or  yellow  in  a  decomposed  urine),  transparent, 
strongly  refractive  octahedrons,  or  double  envelope  forms,  or  quad- 
rangular short  and  narrow  prisms  with  octahedrons  at  the  ends,  in- 
soluble in  acetic  acid,  soluble  in  hydrochloric  acid :  calcium  oxalate. 

(4)  Crystals  somewhat  similar  to  the  last  mentioned,  or  large 
coffin-lid  crystals,  soluble  in  acetic  acid:  mmnoniiim  magnesium  phos- 
phate {triple  phosphates). 

( 5 )  Symmetrical  hexagonal  tablets,  sides  and  angle  almost  equal, 
insoluble  in  acetic  acid,  soluble  in  ammonia :  cystin. 

(6)  Colnrless  whetstone-shaped  tablets,  insoluble  in  acetic  acid; 
soluble  in  ammonia.  On  the  addition  of  hydrochloric  acid  to  this 
solution  hexagonal  tablets  separate:  xanlhin. 

(7)  Large,  fiat,  strongly  refractive  elongated  rhombic  tablets, 
soluble  in  acetic  acid,  and  partially  in  ammonium  carbonate:  normal 
magnesium  phosphate. 

(8)  Prisms,  single  or  in  rosettes, 

(a')    Soluble  in  ammonia:   hippuric  acid, 
(b')    Insoluble  in  ammonia  and  in  acids:   calcium  sulphate. 
(g)   Wedge-shaped  ]>risms,  single  or  in  clusters,  or  in  thick  rosettes, 
which  are  decomposed  by  ammonium  carbonate,  and  soluble  in  acetic 
acid;   acid  calcium  phosphate. 

( 10)  Bunches  of  very  fine  needles  insoluble  in  acetic  acid,  soluble 
in  ammonia  and  bydrocbloric  aci<i :    lyrosin. 

B.  The  urine  alkaline  when  the  crystal  precipitates.      (After  the 
urine  becomes  alkaline  many  of  the  sediments  previously  mentioned 
which  separate  in  the  acid  urine  may  still  remain.) 
Amorphous, 
(i)   Small  granules  together  with  triple  phosphate  crystals, 

(a')    Soluble  in  acetic  acid  without  gas   formation:  norma! 
phosphates  of  the  alkaline  earths. 
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f  (fr')  Soluble,  but  with  gas  foniiation:  carbonalcs  of  the  nlku- 

I  li$ie  earths. 

I      (2J  Dunib-bcU  shaped  masses  or  large  spheres,  sohibie  in  acelic 
icid  with  gas  tormutiuii :  calcium  curbotuitc. 

(3)  Large  dark  spheres  often  covered  by  small  projeCTiiig  crystals : 
ammonium  'urate,  soluble  in  hydrochloric  acid  ur  acetic  acid  with  the 
iubseijuent  separation  of  the  rhombic  crystals  of  uric  acid. 

Crystalline. 
I     (i)  Large  colorless  prisms,  many  coffin-Hd  shaped:   triple  phos- 
tpiottt,  soluble  easily  in  acetic  acid. 

I     (2)  Rosettes  of  vcrj- fine  blue  needles  or  blue  tablets :  indigo. 
I     (3)  Rosettes  of  violcl-red  needles  or  rhombic  platelets;    indigo- 
ftl 

Chyluria. — Oiyluria  differs  from  lipnria  in  its  gross  characteristics, 
thf  term  being  used  of  a  urine  which  resembles  an  emulsion  of  fat, 
hni«  like  dilute  milk.  When  less  fat  is  present  and  the  gross  appear- 
ance not  so  striking,  the  term  lipuria  is  used. 

In  chyluria  considerable  fat  is  present.    This  may  form  gross  tal- 

Iw-like  masses,  but  as  a  rule  the  particles  are  microscopically  nnich 

liner  than  in  milk,  even  on  the  limits  of  visibility.    The  urine  ap|iears 

like  a  thin  milk,  and  sometimes  has  a  reddish  tinge  of  blood,  in  other 

cases  a  whey-like  appearance.    Fresh,  the  urine  is  weakly  acid  or  neu- 

I     iril,  and  does  not  have  the  normal  urinary  odor.    On  standing  often 

Kr  cream  arises  or  a  fibrin  coagulnm  forms.    In  addition  to  the  fat  the 

Bttiu  contains  alway*  albumin,  sometimes  cholcsterin  and  lecithin. 

^^ne proieids  found  are  scrum  globulin  and  .Tibuniin.     Fibrogenic  sub- 

ilance*  liave  also  been  found,  hemialbumosc  and  peptone.    The  proteid 

nay  be  present  from  0.2  to  2  per  cent,  or  more,  and  the  fat  from  a 

irset  to  3  per  cent.    A  fe\v  leucocytes  may  be  present  and  a  few  red 

bWl^ells.     In  parasitic  chyluria  one  finds  the  eggs  and  embryos  of 

FiWa  usually  in  coagula.    Casts,  etc..  are  always  absent  unless  a  coni- 

Ip'icating  Bright's  disease  is  present.  The  urine  may  he  chylous  during 
■"^i  night,  and  clear  during  the  day.  or  i>ice  versa.  In  other  cases  the 
Wcieiion  of  the  fat  is  dependent  upon  the  position  of  the  p.iticnl. 
ftturring  only  when  in  a  vertical  position,  after  digestion,  bodily 
ttercrse,  or  excitement.  In  certain  cases  the  coagula  fonned  in  the 
bidder  have  caused  considerable  trouble.  It  1"^  a  disease  which  Lists 
'torn  months  to  years,  often  with  intermissions.  It  may  cease  sjion- 
■Jiwously.  This  disease  ocairs  endemic  in  the  tropical  and  subtrop- 
tal  regions,  in  some  cases  in  the  temperate  zone. 

There  are  two  forms,  that  due  to  the  filaria,  and  the  non-parasitic 
'"nn  the  eliotog\'  of  which  is  not  understoo<l. 

Concerning  the.  latter,  -^onte  say  that  sugar  Is  not  present  in  the 
Brine,  and  were  it  simply  lymph  present  it  ceilainly  would  be;   also 
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iliai  there  is  a  liigher  percaitage  uf  fat  in  the  urine  than  occurs  in  we 
iviuph.  Again,  there  is  no  decrease  in  the  percentage  oi  the  iiomul 
urine  constituents.  In  some  cases  a  fat  diet  will  increase  the  cliy- 
hiria,  and  even  a  foreign  fat  may  be  recognized.  The  theory  of 
Claude  Bcnthard  was  tliat  chyluria  was  the  result  of  an  abnormal  fat 
content  of  the  blood  due  to  jHWr  assimilation ;  but  an  increase  of  the 
fat  of  ihe  blood  is  very  rare,  and  ibis  does  not  e.\plain  the  albtimiD 
found  in  tiic  urine.  Others  think  it  due  to  liver  disease.  It  can  only 
be  said  tliat  there  is  no  severe  renal  lesion  to  explain  it.  Franz  and 
Styskal  give  these  as  reasons  why  this  fat  is  from  the  lymphatics ;  that 
it  disappears  on  starvation  or  fat-free  diet,  foreign  f-il  may  be  recog- 
nizedr  it  appears  early  in  alimentary  glycosuria,  and  small  inononu* 
clear  cells  are  present, 

LiPUHi.'V. — As  has  been  said  above,  this  differs  from  chyluria  in  its 
gross  appearance.  It  is  a  condition  which  is  often  reported  in  the  hos- 
pitals, but  by  beginners  who  have  not  excluded  oil  in  the  catbeteriied 
specimens  of  urine.  .Again,  the  micro.scopical  apjiearance  is  not  alwa>-i 
sufficient.  It  shoultl  be  tested  chemically,  the  urine  extracictl  with 
ether,  and  the  residue  examined.  This  heated  gives  the  odor  of  acro- 
lein. The  residue  also  will  make  a  fat-spot  on  paper,  and  will  give  the 
osmic  acid  test. 

,Mso  to  be  excluded  are.  fat  from  the  rectum,  deception,  the  tena- 
cious phosphate  sediment,  and  the  scum  of  bacteria  fonning  at  the 
top  of  the  urine.  Normally  there  is  microscopically  tittle  if  any  fat  in 
the  urine,  and  of  this  the  source  is  the  blood.  Lipuri.i  may  result  from 
an  over- ingestion  of  fat  in  the  diet  or  as  a  medicine  (cod-Iivcr  oil),  the 
so-calle<l  "  alimcntar}'  lipuria :"  from  the  subcutaneous  injection  of  oil 
or  oil  rubbed  into  the  skin:  the  fat  m.iy  come  from  various  organs, 
especially  after  fractures  of  bones  if  the  marrow  be  crushed;  rarely 
after  inflammation  of  the  marrow;  in  eclampsia,  which  disease  was 
formerly  supposed  to  be  due  to  the  crushing  of  the  fat  of  the  pelvis  of 
the  kidney;  crushing  or  tearing  of  the  subcutaneous  fat.  of  the  liver, 
or  of  fatty  tumors;  among  diseases  are,  diabetes  niellitus,  alcoholism, 
tubercidosis.  adiposity,  nephritis,  certain  mental  diseases,  pancreatic 
discises,  cardiac  <liseascs;  after  various  protoplasmic  poisons.  In  the 
last  mentioned  group  there  may  lie  an  increase  of  fat  in  the  blood,  but 
this  needs  confirmation.  Hie  relation  of  the  lipuria  to  lipa?mia  has  been 
proved  for  fract\ire<l  Ijones,  sulKuianeous  bruises,  and  diabetes  mellitus. 
In  the  diseases  of  the  urinary  organs  a  slight  grade  of  fatty  degenera- 
tion of  the  kidneys  may  explain  the  ciHiditiou.  which  occurs  in  nephritis, 
various  infections,  intoxications.  an-Tmias.  and  cachexias.  Tlie  fat  may 
also  arise  from  the  fatty  degeneration  of  epithcli.il  ceils,  Icucocjies, 
casts,  and  fragments  of  tumors;  in  such  cases  the  most  of  the  fat 
remains  in  the  celhi.  or  collects  in  droplets  which  float  on  the  surface. 
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Organifcd   Sediments.     Mucous  Sediment. — Thi*  "  nubecula"   is   a 

'ven'  faint  clouil  of  imicous  strands  ;ip|K-;iriiig  soon  after  the  urine  cools, 

which  first  collects  nt  the  top.  then  sinks  to  the  bottom  of  the  glass. 

^Llt  is  mucus  from  the  cpithchal  cells  of  the  urinary  passages.     These 

^Bstrands  enclose  a  few  "  mucous  corpuscle?."  mononuclear  or  polymor- 

^■plwnuclcar  leucocytes  often  some  amorboid,  and  some  crystals.     When 

miifli  mucus  is  present  in  the  urine  it  may  form  a  translucent  or  cloudy 

CMgulum-like  sediment  which  is  more  clearly  seen  after  the  addition 

of  .icetic  acid.     This  ts  the  product  of  dcsquamatory  catarrh  of  the 

mucosa. 

EpiibetUl  Cells, — It  is  nonnal  for  a  few  cells  to  be  present  in  the 
nubecula,  since  the  mucosa  of  the  urinary  passages  is  an  epithelial 
surface,  hence  is  always  desquamating  somewhat.  Tliese  cells  arc 
increased  in  inllamttialory  and  destructive  lesions,  in  which  case  cells 


itt>«.«.4,  ctlUtramaHlcDmhn:  b.  t.cclli  from  ttinilllonal  qiiUwIium;  c,  abtdewi  of 

ted  bluoil-L'clli.     V  4i». 

from  Uie  lower  layers,  which  are  nonnally  never  present,  may  also 
I  appear. 

Renai.  Epithelial  Cells. — The  cells  from  the  kidney  (see  Fig". 
J  47.  ej  arc  round  or  cubical,  a  little  larger  than  leucocytes  (  12  to  2$ 
linicrons)  from  which  they  are  distinguished  by  their  size  and  nucleus. 
fTl)e  latter  is  large  and  vesicular,  especially  well  seen  if  stained.  'Hie 
Iprutoplasm  is  nearly  always  faity.  either  finely  so,  or  so  very  fatly  thai 
may  resemble  a  colostrum  coqniscle  (c,  Ii).  These  cells  some- 
t'mts  show  definite  myelin  degeneration  and  free  myelin  globules 
^^Jmilar  to  those  in  the  sputum  (see  Fig.  47.  d). 
^b  These  are  vcrj-  rare  in  nonnal  urine,  occur  in  any  form  of  ne- 
^Biritis.  but  especially  the  acute  p.irenchymatous,  singly,  in  clumps,  or 
Vntached  to  casts,  and  in  renal  infection  in  masses  of  pus-cells  (see 

%•  47)- 

Epithelial  Cells  from  the  Ubinahy  Passages  (see  Fig.  46, 
b,  c.  d.  and  Fig.  45.  b.  f). — These  cells  may  be  large  and  irregttlar, 
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round  or  polygonal;  tliey  are  flat,  with  clear  protoplasm  and 
usually  with  a  small,  very  distinct  central  nucleus.  Their  edg;es 
are  sometimes  very  refractive,  thin,  and  horny.  Tliese  are  the  typical 
pavement  cells  from  the  superficial  layers  of  transitional  epithelium. 
In  cases  in  which  they  are  largely  increased,  as,  for  iiistance,  the  result 
of  too  strong  irrigating  fluids,  they  may  occur  in  large  sheets.  Daw- 
son '"^  found  that  these  cells  varied  in  size  and  shape,  some  being 
irregular,  large,  and  polygonal,  some  smaller  and  hexagonal,  the 
larger  often  having  a  peripheral  non-granular  zone.  The  nucleus  was 
round  or  oval,  sharpi)'  defined  and  central,  and  many  were  budding. 


•sir'    ,- 
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Vi<--  46.— Variogs  lurms  oi  epjltitlium  cells  in  Ihc  urine,  a,  "  tuiled'^  cells;  h,  (1,  small  poljeonal; 
c,  1arj;e  surf.ice  cells:  lu  Ihc  richi  ol  r1  is  a  smull  rournJ  cell  of  unctnain  orif^in  ;  e.  squamous  cirlli 
frani  v-HKina.  All  ol  llicsc  cells  eiccpl  e  were  oblaLiiiJ  liy  ureleral  caiheteriailion.  hence  fram  Die 
[wl\i*  uf  ilic  kiihicyor  srra[»c*l  Ironi  ihe  mucosa  of  ihe  un-tcr.  The  latur  ir^  psi>ci-ially  true  ot  b,c.  d. 
an'l  iicib'hboTiiig  ci^Us,  u-hJch  are  \\\v  forms  ulic  Ect^  Irom  normal  cases,  a  were  from  casts  of  pvi^lilla. 
-:  400. 

Among  these  cells  were  large  giant-cells  with  fifteen  nuclei.  In  no  cells 
di<I  lie  see  the  cupping  of  the  under  surface  supjMised  to  he  present. 

The  fiat  polygonal  siju.xmuus  kpituelial  ceij-S  (see  Fig.  46,  e) 
from  the  ])rcpucc,  end  oi  tiie  urelcr,  vagina,  and  fossa  naviculaiis,  can- 
not always  be  distingiiisiied  from  the  superficial  cells  from  the  bladder, 
although  usually  the  stratified  grouping  of  those  from  the  vagina 
makes  diagnosis  easy. 

The  cvi.iNKKic.M.  cni.i.s  (see  Fig.  45.  a.  e.  d)  of  the  urethra  are 
longer,  hluntly  pointed,  nnil  smaller  llmti  the  above,  and  occur  in  pairs 
or  clusters. 

'"Johns  Hopkins  IIosp.  Bull..  July.  i8qS.  p.  155. 
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There  are  found  <ini3ller  pr>ly(fnnal  or  elliptical  cells  from  the  other 
layers  of  llic  muaisa  of  the  Wadilcr.  ureter,  and  pelvis,  which  coiisisi 
of  a  very  grftiiular  protoplasm  and  a  large  nucleus  ( Fig.  46,  a,  b,  d). 
Other  cells  are  more  ov,il,  often  irregularly  conicni.  with  one  or  two 
branclKS.  Their  nucleus  is  very  distinct,  their  cell  body  long  and 
ihmd-like.  In  addition  arc  small  round  cells,  with  round  nucleus  like 
monnmiclear  leucucytes  (sec  Figs.  46,  47).  which,  indeed,  they  may 
be.  or  cells  from  the  deep  layers  of  qiitheliuni.  We  have  seen  good 
mimbers  of  these  roimd  and  tailed  cells  in  the  urine  obtained  by  ure- 
teral catheterization  from  normal  kidney  (always  with  some  blood). 


n  »«r- 
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^^C-^-  pAeodo  piw-ciiai;  b,  vfiithrlifll  cam  thnwinf  protopl^mic  bridj^H  between  cet1>i.  c.  wa 
""PubUi  lm>rlln?i  r«nal  nllt;  il,  myelin  globula:  e,  laai  cpiibclial  crib;  I,  cnnittd  nd  blood- 
"^1 1.  pM  oil* ;  h,  imr  'uly  rtnal  (pilhellil  nlli    \  lOO. 


become  from  the  middle  or  deeper  layers  of  the  mucosa,  anywhere 
ffom  the  pelvis  of  the  kidney  to  the  bladder,  singly  or  in  clusters. 

Some  suppose  that  they  can  recopiize  the  cells  from  the  various 
[Wsof  the  urinary  passages.  Others,  and  this  is  our  opinion,  believe 
•I'M  this  is  usually  impossible.  Sahli  considers  that  the  predominance 
"flailed  cells  over  flat  cells  indicates  a  pyelitis.  We  have  seen  such 
f3«j.  but  in  a  recent  case  of  intense  pyelitis,  the  urine  obtained  at 
•MOpiy  from  the  pelvis  of  the  kidney,  the  point  failed.  A  former  idea 
*W  that  all  tailed  cells  came  from  the  pelvis  of  the  kidney.  The 
'nailer  polygonal  cells  from  the  ureter  (Fig.  46.  b,  d)  in  groups 
*ft  (u^estive.    These  are  the  cells  scraped  off  by  the  ureteral  catheters. 

'7 
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In  a  recent  case  of  streptococcus  pyelitis  the  urine  from  the  pelvis  of  the 
kidney  showed  great  numbers  of  small  round  or  polygonal  and  tailed  epithelial 
cells  in  groups  of  considerable  size,  scores  in  each  field  (of  400  magnification),  and 
of  the  large  polygonal  cells  three  to  four  in  each  field.  Pus-cells  were  in  great 
numbers ;    little  mucus  was  seen. 

Casts — These  have  been  divided  into  cellular,  granular,  and  amor- 
phous ;  the  latter  show  no  structure,  but  are  homogeneous  or  with  a 
faint  striation.  All  combinations  and  transitions  of  these  casts,  and 
casts  with  various  elements  fastened  to  them,  occur. 

Epithelial  Casts  (Figs.  47  and  50). — These  are  made  up  of 
renal  epithelial  cells;  in  some  cases  aggregations  of  desquamated  cells 
are  massed  together:  others  are  certainly  desquamated  portions 
of  the  tubules,  presenting  a  lumen,  and  having  the  intercellular 
protoplasmic  bridges  visible  {Fig,  47).  In  one  kidney  which  we 
have  had  opportunity  to  study,  in  sections  of  the  cortex  the  invaginated 
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Fig,  48.— Cotrsely  and  finely  Branul"'  Fic.  i}.— Waxy  outi.     X  400. 

CASH.    X  400. 


tubules  of  epithelium  could  be  easily  seen,  which  breaking  off  would 
give  casts.  Such  perfect  fragments  are  called  "  epithelial  tubes," 
The  cells  may  be  well  preservetl,  or  present  a  marked  fatty  or  granular 
degeneration.  The  nuclei  are  round  and  vesicular;  for  the  recogni- 
tion of  the  cast  it  is  necessary  to  determine  this  point.  AH  transitions 
between  liiese  and  coarsely  granular  and  fatty  casts  are  seen. 

Granular  Casts  )  Fig.  48), — The  granules  may  be  coarse  or  fine. 
The  former  give  to  the  cast  a  yellowish-white  color.  All  transitions 
between  die  epithelial  or  leucocyte  and  coarsely  granular  casts  may 
be  found.  The  granules  are  soluble  in  acetic  acid.  To  these  casts 
may  be  attached  epithelial  cells,  leucocytes,  or  red  blood-cells.  The 
coarselv  granular  casts  probably  represent  the  granular  disintegration 
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of  epiihelinl  casts,  ami  arc  formctl  eiOier  from  epitlielial  tubes  or  from 

|ina55cs  ui  cells  wliicli  have  [ircviously  UDdGrgoiie  such  (lisinicgration ; 

jthei'iHline  ol  cells  can  sometimes  be  seen,  and  fat  globules  arc  com- 

[morily  nlso  present.     This  term  often  inclmlcs  the  luTnioglobin  casts 

which  arc  of  a  brownish  reel  color,     lint  another  group  of  finely 

gnimlar  casts  is  somewhat  tliiifcrent,  and  transitions  between  these 

I  anil  the  oiKjqiie  finely  fjramilar  are  not  common;  that  is,  not  in  ihc 

I  Mme  cast.     These  casts  arc  covered  by  very  fine  granules,  arc  less 

I  (■paq\ie  than  the  coarsely  granular,  and  fat  ihoplets  are  not  comninnly 

em.     When  the  c.ist   is  only   partly   finely   granular  the  rest  is 

Tijalinf;  in  the  case  of  the  coarsely  granular  it  is  waxy. 

Fatty  Casts  (Fig.  50). — Tliese  slriking  objects  are  masses  of 
faity  globules,  often  preserving  the  outlines  of  the  orighial  epithelial 
cells.   Tliey  arc  yellowish  or  even  blackisli  in  appearance,  soluble  in 


€ 


Fio  tb — TotIi«l*((anr|»lMuI  rui  wtih  very  lally  trili;  In  <hec«nlr*a  fatly  n>(:  toUM 
tifilit  IWD  leucocylc  cuti,     X  (ca 

fatty  acid  crystals  may  project  from  them.    If  any  cell  outline 
:)i  be  made  out,  the  cast  usually  is  cillcd  epithelial. 
W.\xY  Casts  (Fig.  49), — These  casts  are  very  refractive,  sharply 
toured,  often  of  a  white  or  yellowish  color,   homogeneous,  and 
3  great  tendency  to  split  transversely,  hence  sometimes  are 
m  very  small  pieces.     This  appearance  of  great  brittlenes?  is  quite 
characteristic.    Tliey  may  have  any  cellular  elements  attached.    Tbey 
probably  a  further  modification  of  the  granular  detritus  of  epithe- 
1  cell*.     Their  appearance  is  that  of  wax.     They  are  broader  than 
h>'aline.     Some  give  the  amyloid  reaction,  others  do  not.     They 


i 


2C0 


CLINICAL   DIAGNOSIS 


arc  nut  characteristic  of  the  aniyloiii  dcgeiicmiion,  as  was  formerly 
supposed,  and  yet  in  a  recent  case  of  atnjloid  disease  practically  every 
cast  was  a  waxy  cast.  In  general  there  are  two  very  distinct  forms 
of  waxy  casts, — the  yellow  and  the  blue.  The  fonner  were  often  called 
libriii  casts;  lliey  resemble  beeswax,  the  latter  paraffin.  These  occur 
in  any  nephritis  with  granular  casts,  especially  when  the  urine  is 
diminished,  or  just  before  death. 

In  the  ucine  obuined  juil  before  <le:kih  one  may  9>ee  liie  tnoit  beautiful  nax) 
caii-v  In  one  luch  eaic  reccnily  there  were  many  Btanular  and  waxy,  iio  hyaline 
The  e3>Ii  nerc  enoimuui,  many  granitlar  being  aij6  mm.,  and  waxy  0.102  mn. 
in  diameter.  The  kiier  loolied  at  if  cut  otii  of  paraffiii.  Btit  ihii  is  not  alwiijn 
llie  caic.  In  anuther  ipecimen  only  hyaline  ca»[s  were  pteicni,  no  waxy.  But 
these  casts  wcfc  not  typical  hyalines,  yd  they  wcie  not  at  all  reftaelivc.  In  other 
cascn  all  forma  may  be  found.  The  great  differenee  between  hyaline  and  waxy 
easts  is  ih«r  rcfraciiliiy,  Rml  it  is  hard  to  believe  Ihnt  lliey  arc  not  directly  tetiCed 

Between  this  group  and  the  next  is  a  very  Urge  group  of  casts, 
the  commonest  form  in  some  cases  of  nephritis,  which  have  not  the 
physical  properties  of  wax,  yet  arc  more  distinct  and  solid-looking 
than  the  hyaline,  which  name  they  bear.  It  is  important  to  recogiii« 
that  some  of  these  have  deposited  on  them  fine  granules  from  the 
urine,  giving  them  the  appearance  of  the  finely  granular  casts.  Their 
chief  difference  from  w-ixy  casts  is  that  they  are  not  so  solid-looking 
and  do  not  give  the  same  color  tests. 

Hyaline  Casts.  Colloid  OR  Glassy  Casts  (see  Fig.  51). — These 
arc  pale,  very  little  refractive,  watery  in  appearance,  and  diflicult  to 
sec  unless  the  light  is  almost  shut  off.  or  unless  crystals  or  cells  are 
attached  to  tliem.  It  is  advised  to  stain  them  with  Lugol's.  giving  them 
a  yellow  color,  or  aniline-violet,  giving  blue.  They  give  the  micro- 
chemical  tests  for  albumin.  They  may  have  the  same  cells  attached 
as  the  above  mentioned  casts.  Tlicir  outline  is  very  regular.  These 
casts,  which  occur  in  circulatory  disturbances  where  there  is  no  ques- 
tion of  intlammation.  are  so  different  in  appearance  from  the  hyaline 
casts  just  mentioned  that  they  deserve  a  separate  name.  The>'  are 
soluble  in  acetic  acid. 

Blood-Casts  (see  Fig.  52). — Blood-casts  arc  coagula  of  red 
blood-cells  which  have  formed  within  the  lubides.  The  term  is  also 
applied  to  any  of  the  above  casts  with  red  blood-cells  attached.  Some 
of  the  blood-cells  are  sn  pale  that  it  is  hard  to  recognize  theni. 

H.fiMOGLOBix. — Casts  of  hfcmoglobin  are  seen  in  hjcmoglobinuria. 
the  hemoglobin  occurring  in  amorphous  masses.  Some  seem  like 
other  casts  impregnated  with  hxmoglobin. 

Pl's-casts  (see  Fig.  50)  arc  formed  in  similar  way  as  the  blood- 
casts.  The  nuclei  must  be  seen  and  their  polymorphous  n-ittire  certain, 
to  be  sure  it  is  not  an  epithelial  cast    This  may  be  done  by  adding 
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acetic  acid.  Another  point  to  differentiate  from  epithelial  casts  is  the 
spherical  shape  of  the  pus-cells.  These  casts  are  rare,  yet  often  other 
casts  are  seen  with  leucocytes  attached  which  go  under  the  same 
name. 

CvuNDROiDS  (see  Fip.  53). — It  is  common  am!  ri[;ht  to  divide 
these  into  two  groups.  The  first  is  of  the  so-called  mucous  threads, 
which  are  flat  ribbons  of  mucus  which  no  one  would  confuse  with 
hyaline  casts.  Their  length  is  considerable,  several  fields  in  fact ;  they 
vary  in  diameter,  on  the  whole  are  narrow,  and  clearly  show  their 
ribbon-like  nature.  Such  threads  make  up  the  nubecula.  In  addi- 
tion to  these  and  differing  much  from  them  in  appearance  are  seen 
elements  which  look  much  like  hyaline  casts  for  the  most  of  their 


Pic  SI.— Hytlinecailiof  urine.    X  too.  Fic.  ;].— Blood- riM.     X  400. 

length,  but  at  one  end  run  o(?  into  a  longer  or  shorter  thread.  Those 
particular  on  this  point  exclude  from  tiie  list  of  casts  anything  which 
has  one  end  at  all  tapering  and  thread-like.  These  casts  appear  to  be 
circular  on  cross-section.  They  have  not  the  fibrillar  nature  of  mucous 
threads.  They  occur  where  casts  would  be  expected,  ])raclically 
always  with  true  casts,  and  have  the  same  significance  as  ihcy.  Of 
one  thing  we  are  quite  certain,  that  for  the  most  of  their  length  they 
are  typical  !iy:dine  casts,  and  when,  as  may  <icau-  in  the  cfiitrifu[;-f. 
thf  thread-end  is  broken  ofi.  the  other  I'nigincnt  cnnld  uui  ho  di-;- 
tingnished  from  a  cast.  The  cylindroids  may  be  civered  by  iirnli-s.  ,inrl 
hence  have  the  api>earance  of  granular  casts,  riicniically  these  are 
like  casts.  The  point  is  of  considerable  importance,  f'T  if  nincnus 
threads  they  certainly  arise  from  the  miicons  surface,  while  if  casts  they 
should  arise  in  the  renal  parenchyma.    Tliey  were  first  described  as  of 
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soTTie  significance  as  casts.  It  is  perhaps  safest  to  observe  the  old  rule 
and  exclude  ail  from  the  list  of  casts  which  have  a  definite  tail  at  one 
end.  The  true  mucous  threads  are  insoluble  in  acetic  acid.  Their 
origin  is  the  bladder  chiefly.  One  seldom  sees  them  in  urine  catheter- 
ized  from  the  pelvis  of  the  kidney. 

Combined  Casts. — A  cast  may  be  waxy  or  hyaline  at  one  end, 
granular  at  the  other,  or  may  have  cellular  elements  attached.  They 
take  their  name  from  the  latter. 

Bacterial  Casts. — Masses  of  Iiacteria  in  the  shape  of  a  cast  occur 
in  purulent  infectious  pyelonephritis  and  in  pyxmic  kidneys,  but  a  cast 
also  may  become  permeated  by  bacteria,  either  in  the  body  or  after 
voiding,  in  a  remarkably  short  time. 

Urate  Casts. — In  uric  acid  infarcts  of  the  kidney  of  the  new- 
bom  masses  of  soditmi  urate  may  be  found  in  the  urine. 
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Ftc.  S3.— a.cylindroiris,  Lr.,  hodks  miicTi  fCiCmhlinj:'  h valine  casts;  b.  niiLcou9  Ihresids:  c,  a  R[NiTil 
KLruclure  of  riLittrmt  reaembliiig  hyaline  ca&ls  or  mucous  threads  ;  d,  a  vcgclabic  Lhrtia  J.    X  40a. 

Pseudo-casts  of  urates  are  cuninionly  seen.  It  is  not  at  all  un- 
usual for  a  urate  sediment  to  assume  this  form.  All  casts  in  a  con- 
centrated urine  may  become  incrusted  with  urates,  and  hence  be  of  a 
dark  homngciieous  granular  nature.  True  granular  casts  are  not 
homogeneous,  arc  coarser  and  mure  refractive  than  these  pseudo- 
casts,  which  also  have  unc\cn  edges  and  disappear  on  warming. 
Scratches  in  the  glass  are  sometimes  confusing  fPig.  54)-  I"  some 
cases  of  pvuria  (cvstitis,  c.  ^^A  the  ]»seudo-casts  are  very  perfect  ('Fig. 

47). 

The  length  and  llic  hreadlU  nf  cn-t5  vary.  Tlioir  mm  may  be  Irom  very  small 
fragments  lo  T  mm  in  length  or  longer.  These  very  long  casis  are  almost  always 
hyaline,  and  are  not  mneoiis  threads.     Their  diameter  is  narrow  or  broad.     From 
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tbt  liJC  of  ih*  ea»i*  no  concUiKionit  can  he  <Jt;mn  o(  their  source,  *o  much  doe* 
thtiittof  the  iiibukt  vary  in  various  conditions.  It  was  formerly  supposed  that 
the  lactiful  corkscrew  formi  so  often  seen  came  from  ihe  coiivoluieJ  lubules. 
bu]  lhi(  It  impfohable.  tincc  any  corkscrrw  shape  would  certainly  be  effaced  during 
thtirpitUKC  Ihrontlh  the  sUaitchl  tubulei.  Some  arc  spiral  all  the  length.  Others 
onl;  at  «ne  end  This,  says  Senator,  merely  tliows  them  compoted  of  a  tough 
dutic  ouiecial  which  has  been  squeezed  through  a  narrow  canal  or  through  a 
lurro*  orifice.  The  end  of  th«  ca*t  is  seldom  split  or  forked  Some  casts  arc 
ilitimt  un  ili«  limit  of  vition.  hoi  vegetable  fibres  moil  he  exeluded. 

7he  Qnem  of  epithelial  easts,  especially  those  with  a  lumen,  is  not  ilispuied; 
abolhal  of  blood  and  pus  casts,  which  are  conslomeraie;^  of  cells  In  tiibliles.  The 
noTKr granular  cast*  quite  certainly  are  formed  from  cpiihelial  cast*  by  a  granular 
dcttiieratiMi  of  the  cells,  and  all  transiiionv  from  the  coarsely  granular  cast*  to 
lh(  njiy  may  be  found.  This  Iransiiion  may  also  occur  in  the  leucocyte  catii, 
bnr  n  iMt  true  of  the  blood-casls.  Such  traosilions  arc  followed  liest  by  ibe 
iludj  of  section*  of  the  kidney  The  origin  of  the  hyaline  casts,  however,  has 
lc(i|  betn  in  ditputc,  some  claiming  that  they  were  a  coagulated  exudate  from  the 


\     ^- 


ha  n. — Pwudo-ruu.    from  lelllo  (Ichl,  a  llnrn  thread,  a  vegelal.t*  njiinr,  ■  collon  ItaMad, 
Slid  ■  Kialch  oil  ilie  gJau  slide. 


lUood  imo  tlie  lubulei,  others  a  prodtiei  of  the  secretion  of  Ihe  epithelial  cells. 
*H)aliM  globtiles  are  present  in  these  cclU,  the  conlliicnfe  of  nbich  in  the  tubules 
coM  easily  e\plain  casts;  that  is,  the  very  slightly  injured  epithelial  cell,  still 
haetxming.  may  by  an  abnonnal  secrelion  of  ci.igulablc  material  form  ihew 
moaldi  of  the  tubules  This  latter  i^  ilic  generally  accepted  idea.  Also  these 
tv^iheltal  celts  could  die.  in  part  or  wholly,  undergo  hyaline  degcnernlion.  and  lllis 
snbctatKT  be  moulded  into  a  cast.  This  also  may  be  seeti  in  sections.  1  hey  are  cer- 
latnl)'  noi  eoagtilated  fibrin,  since  ihey  arise  where  there  is  no  suspicion  of  inflam- 
nmiofl,  thai  is,  in  a  practically  normal  kidney,  as  in  the  albuminuria  of  the  new- 
bora;  tlKjr  do  not  give  the  Weigert's  fibrin  slain:  where  a  co.igulahlc  albumin  is 
(iretcnt.  as  in  the  case  of  chyluna,  these  casts  arc  abieni :  also  tlieie  is  no  relation 
liclorern  albumin  and  ca<ls  in  amount,  and  one  may  be  present  without  Ihe  other, 

Eierc  is  therefore  no  evidence  for  ihc  albumin  of  the  Mood  as  iheir  source.     It  i» 
ssibte  ihal  a  differetice  in  origin  explains  the  two  forms  of  hyaline  castn.    Since 
Its  which  remain  long  in  the  tiibnie*  in  cases  where  liyjtiines  are  Ihe  rule  are 
,xy.  tlic  iransiiion  from  hyaline  to  waxy  must  be  considered. 
The  origin  of  hmnoglobin  casts  is  inleresling.  since  hlcmoglobin  is  soluble  in 
the  nrinc.    Ii  may  be,  however,  that  they  are  hyatine  or  waxy  casta  impregnated 
with  hartDOf  lobin. 
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The  ch«trJs(rr  of  the  cast  is  little  slmlied ;  probably  none  are  fibrin. 
Some  give  an  amyloid  reaction  when  there  is  no  such  degeneration  of 
the  kidneys.  Amyloid  disease  rarely  has  snch  casts.  Some  react 
reddish  to  gentian -violet,  and  brownish  to  Liigol's  fluid,  but  a  good 
Lugt)l  rcaciinii  js  rare.  Their  solubility  in  acetic  acid  is  an  imj>ortant 
point  in  eNclnding  mucus  cylindroids. 

Otagnostic  Importance  of  Cast*.  It  is  claimed  that  casts  may  l>e 
present  in  nonnal  urine.  This  is  considered  quite  doubtful.  They 
occur  in  any  condition  where  albumin  docs  or  might  occur,  and  it  is 
agreed  that  any  great  nuinl>cr,  even  of  hyaline  cysts  alone,  means  an  ir- 
ritated condition  of  the  kidney,  although  a  few  may  not.  But  although 
usually  associated  with  albumin,  either  one  may  be  present  without  the 
other.  Osier  has  emphasised  the  point  that  in  diagnosis  it  is  n*>t  so 
much  the  casts,  their  number  and  variety,  wliich  are  of  prime  impor- 
tance as  other  urinary  features  (low  specific  gravity,  etc.)  and  the 
physical  signs  of  the  patient.''''*  Casts  always  mean,  it  is  thought, 
some  pathological  condition  of  the  renal  epithelium,  although  this 
may  be  very  slight,  as  a  temporarily  disturlwd  nutrition,  but  not  neces- 
sarily nephritis.  Ttieir  chief  occurrence  is  in  nephritis,  but  a  similar 
urine  picture  is  seen  also  in  congestion  of  the  kidney  and  in  slight 
circulatory  changes.  In  cases  of  albuminuria  not  due  to  nephritis  casts 
may  fail,  and  some  (Bard)  say  when  they  cease  in  nephritis  the  in- 
ftammatury  process  has  stopped.  Their  number  is  greatest  in  acute 
and  chronic  parenchymatous  nephritis,  fewest  in  contracted  kidney. 
amyloi<l  disease  (see  page  28fi).  and  in  chronic  passive  congestion. 
While  they  may  mean  merely  a  temporarily  disturbed  nutrition  of 
the  cells,  on  the  other  hand  they  may  mean  their  total  destruction. 
Tlie  fatty,  epithelial,  or  hyaline  casts  with  fatty  cells  attached  indicate 
a  degenerative  process.  Casts  witli  leucocytes  attached  may  mean 
inflammation:  blood-casts,  hemorrhage,  etc.  In  nephritis  the  casts 
and  albumin,  as  a  rule,  run  parallel.  Exceptionally  the  casts  may  fail 
in  a  true  nepbritis.  as  in  a  case  of  jaundice  or  arteriosclerosis.  Another 
very  good  illustration  is  the  lransiloi"y  albuminuria  of  pneumonia. 
With  a  failure  of  albumin  the  casts  may  persist.  This  is  considered 
common  in  very  contracted  kidneys.  In  this  connection  it  is  to  be  rc- 
memberefi  that  casts  will  rapidly  dissolve  in  the  urine,  and  hence  the 
presence  "f  albuminuria  without  casts  is  not  nearly  so  interesting 
as  is  the  reverse  condition.  Tliis  disappearance  of  the  casts  may  be 
easily  demonstrated  by  comparing  the  urine  after  it  has  stood  for 
some  time,  even  though  it  remains  clear,  with  that  which  is  centri- 
fugali:!eil  and  the  sediment  examined  while  llic  urine  is  still  warm. 
This  disappearance  of  the  casts  has  been  attributed  to  the  ferments 
present  in  the  urine.  Certain  it  is  that  if  pepsin  he  present  the  casts 
■**  New  York  Med.  Jour.,  November  23.  1901. 
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could  not  remain  there  long.    Trentlcin  says  it  is  not  pepsin  but  bac- 
teriil  (colon  bacillus)  ferments. 

"Showers"  oi  casts  are  especially  interesting.  If  a  case  of  ne- 
phritis be  followed  daily,  on  certain  day.*  large  numbers  of  casts  will 
be  found,  and  tlicn  in  a  day  or  so  very  few.  L'nk-ss  rci)catcd  exani- 
iitations  are  made,  a  good  idea  of  the  number  of  casts  cannot  be 
gained. 

The  presence  of  casts  without  albumin  is  not  rare  if  one  centrifu- 
galire  well  ilie  urine.    Such  cases  of  pure  "  cylindruria"  seem  <luc  to 
nme  ci'idently  slight  irritation  of  the  kidneys,  due  to  foods — aspara- 
p*.  radishes;  to  cofTee.  mustard,  and  alcohul  (  Gliiser  found,  after  an 
cioi  mild    use   of   alcohol    in    some    cases,    casts    and    leucocytes, 
ciiriutn  oxalate  ami  uric  acid  crystals,  the  effect  lasting  about  thirty- 
lit  hours)  ;  certain  dnigs.  especially  well  studied  after  salicylic  acid, 
mereury,  inunctions.  Fowler's  solution,  antl  camphor;  after  tuberculin 
I  uijwions;   in  x'alvular  heart  disease  and  arteriosclcrnsis ;   in  cancer; 
in  the  milder  grades  of  certain  diseases,  erysipelas,  tuberculosis  of  the 
long,  diseases  ni  the  nervous  system ;   in  jaundice  especially :   constipa- 
ticn  and  diseases  causing  constipation  (confirmed  by  Wallerstein  in 
inimals):    inflammatory  intestinal   diseases:    acute  infections,   espe- 
diHy  typhoid  and  scarlet  fevers ;  even  in  a  case  of  ur.-emic  convulsions 
■ilh  recovery  (Tonelli) ;  and  in  amyloid  disease  sometimes.     In  the 
liwt  cases  the  casts  are  hyaline  and  granular,  even  epithelial,  and 
Uood-easls,  and  yet  no  alhumin.     In  some  of  these  cases  there  is 
ptrhaps  the  (Kissibility  that  the  urine,  had  it  been  diluted,  would  have 
pivcn  the  test.    For  the  past  two  years  wc  have  |raid  this  point  particu- 
•ir  attention  and  examined  all  in  the  hospital  in  which  this  condition 
»»s  present,  and  we  find  that  in  many  cases  of  transient  albuminuria 
the  cylindruria  will  outlast  the  albuminuria.     This  is  particularly  true 
I"  those  c.Tses  of  mild  nephritis  to  be  attributed  to  a  parenchymatous 
lesion;    that  is,  to  an  acute  process.     In  cases  of  arteriosclerosis  we 
find  that  the  reverse  is  more  common,  and  have  even  seen  cases  In 
which  this  point  has  been  of  diagnostic  value.     The  ocnirrence  of 
casts  and  "  nuclco-albumin"  is  a  very  common  occurrence  (see  page 

2U). 

In  a  Mtc  ot  brain  tumor  recciuly  in  our  wards  ilic  urine  contained  waxy  and 
rpithelial  caMi  and  niany  cjlttidroiili,  yet  vm  albumin. 

It  is  very  interesting  that  Miiller,  in  connection  with  the  "  physio- 

ical"  albuminuria  of  bicycle  racers,  mentions  one  case  with  many 

sts  l»it  no  albumin,     Sometimes  the  cylindruria  is  very,  transitory, 

lasting  hut  thirty-six  hours. 

Pure  cylindruria  occurs  in  some  cases  of  chronic  nephritis  and  of 

amyloid  kidney.    Steward  tries  to  separate  a  group  of  severe  nephritis 
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cases  whicli  presents  this  feature,  but  the  anatomical  evidence  . 

a  group  is  still  lacking.  I 

In  cylindniria  not  due  to  nephritis  the  casts  are  few,  and  those     1 
found  are  hyaline,  as  a  rule.  1 

The  casts  of  chronic  passive  congestion  are  scanty  if  any,  and   ' 
nearly  all  are  hyaline.     Ycl  all  gradations  occur  between  this  condi- 
tion and  true  nephritis. 

It  was  formerly  supposed  that  ihe  epithelial  and  the  hyaline  casts 
meant  an  acute  process,  the  granular  and  the  waxy  a  chronic  pruccss; 
but  in  any  form  of  nqihritis  all  kinds  of  casts  may  occur;  in  amy- 
loid disease  even  there  is  in  the  urine  nothing  characicrislic  Sahh 
suggests  that  the  granular  and  the  waxy  casts  Iwcomc  such  from 
lying  a  long  time  in  the  tubules,  which  occurs  in  acule  nephritis  or 
aculc  exaccrlmtions  of  a  chronic  case,  in  which  the  secretion  of  urine  is 
niucl)  suppressed.  We  have  noticed  this  point  also  in  other  oligurias 
following,  for  instance,  decapsulation  of  the  kidneys.  For  the  first 
few  days,  as  the  urine  licgins  to  increase  in  amount,  a  very  large  n 
ber  of  waxy  casts  were  found. 

Following  renal  disturbance  of  niniost  any  kind  casts  ntay  appeaT 
Brown  '*"  has  reported  some  interesting  cases  in  which  o|>eralions 
upon  the  kidney,  nephropexy  or  cxj)loratory  ne|»hrotoniy,  the  urine 
previously  being  normal,  were,  the  first  day  after  the  operation,  fol- 
lowed by  an  output  of  casLs  in  enormous  numticrs.  These  were 
hyaline,  granular,  blood,  and  epithelial.  The  field  may  be  really 
crowded  with  them.  Considerable  albumin  may  be  present.  Tlicy 
diminish  rapidly  in  amount,  and  in  a  few  days  (  from  uvo  to  six)  have 
entirely  disappeared.  During  this  lime  there  have  been  no  sym])totns 
of  ncphriti.s.  no  tcdcma,  and  the  amount  of  urine  has  been  normal 
The  most  striking  urinary  feature  was  the  dispro]K>rtion  bclncen  the 
amount  of  albumin  and  the  number  of  casts,  this  being  greatly  in  favor 
of  the  latter.    There  were  no  later  symptoms. 

Epithelial  and  leucocyte  casts  are  not  nearly  xo  rare  as  h  imagined.  an<l  iBij 
occur  in  even  nun -iiitlaninia lory  iranMiory   cylindnirias. 

Casts  arc  considered  iirtportant  as  a  prodromal  symptom  of  dia- 
betic coma  I  Kiilz).  Before  the  coma  begins  casts  appear  in  immense 
numbers,  and  even  may  form  a  macroscopic  sediment.  These  casts  are 
of  characteristic  ap|icarance. — short.  Iiroail.  of  delicate  outline,  pale, 
the  most  of  them  granular  and  hyahne,  and  with  few  other  formed 
elements.'" 

Suining  Cast*.— Thii  is  unwiisfaciory.  bcMote  the  stain  |>recipiia(es  in  the 
urine,  oi  ilic  albumin  oi  the  urine  may  itself  take  the  slain.    1'he  specimen*  canool 

""Johns  Hopkins  Hosp.  Bull.,  May.  igoo. 

'"See  nomantky  and  Reimann.  Zcitschr.  (.  Heilk.,  1901,  and  Henick, 
Jout.  Med.  Sci-,  vol.  cxx.  i<jOO 
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b(dn«d  (or  this  reason.  Tlic  cuis  jliotiM  be  washed  br  one  or  two  tedlinciiU- 
mat  viih  0.6  p«r  cent,  xodiiim  chloride  soUiiion  to  rid  of  all  soluble  matter  and 
albimiii.  In  tJK  next  cetiitifiigalixntioii  1  per  cent,  niethylrne  blue  may  be  atlded. 
Tohutcn  ccmnfugnhiaiicm  a  lilllc  nlcobal  .should  In-  aiklccl.  not  much,  nor  allowed 
tertnain  in  contact  with  the  sedinieni  (or  a  lont;  time,  cUe  a  coaitiiluiii  will  result. 
To  preserve  the  caj>u  and  at.io  tu  stain  them  they  tliould  be  washed  in  the 
ilevtnofnul  salt  solution,  and  lastly  in  a  i  per  icnl.  umiiii:  acid  viliiiion  or  iii  i  to 
It  per  cent  (ormalitu  or  in  a  5  per  cent.  HgCli  solution  for  five  minutes.  In  the 
luitr  asc  they  are  (hen  washed  with  water  and  jircserved  in  From  3  to  10  per 
ttni  (or  I  to  2  per  cent.)  (ormalin.  It  no  red  blooU-celU  are  present,  the  mercuric 
chloride  m»y  be  omitted.  Tliis  salt  disturbs  iiiicrochcmical  icsis.  In  case  forinnlin 
ii  wtd  the  CAits  ihuuld  be  well  washed  once  or  Ihe  spherical  crystalline  mavises 
oi  dilornuldchydtirca  uill  form.  Gninprechl  adds  that  it  is  not  really  necessary 
u  *>ili  the  CAsis  if  ihey  arc  well  ccntri(ugali/cd  and  the  supernatant  lluid  coin- 
pittcly  decanted.  A  good  staininjc  method  (or  fat  and  cell  nuclei  was  drtcfibcd 
^H  I?  Cohn.**  The  specimen,  well  nashed  by  cenlridigaliialion  in  normal  salt  sulu- 
^H  im.  n  air-dried  on  the  cover-glass  and  hardened  by  iiiimefting  ihc  glnts  in  lo  per 
^^  wil  fomutin  for  ten  minulei^  It  is  then  wa.ihed  rapidly  but  gently  with  HiO  and 
I  iflcn  immersed  for  ten  niimitcs  in  a  concent  rated  Sudan  III.  solution  In  70  per  cent. 
^m  ilcDlioI.  It  IK  then  washed  in  70  per  cent,  alcohol  for  one  10  two  niinulei  and 
^B  tito)  ilatiKd  briefly  m  Ihe  lixmnioxylin  (.F.hrltch'K).  The  »pKimcns  are  mounted 
^H  in  glycerin, 

^H       Ko/lowotki  *"  reconiincndcd  F&rrant's  moimiing  fluid,  consisiiiig  of  equal  {larU 

^^  cf  water,  glycenn,  and  saturated  a(|ticniis  solution  of  arsenic  acid  (saturated  by 

■Nks  of  standing):  to  this  gum  arabic  one-hatf  volume  is  added,  and  the  u'hole 

I       ilbwtd  10  stand  (about  three  weeks)    till  all  i*  dissolved.     It  is  then  filtered 

il  (itcc**ary. 
^H       In  the  centrifuge  lube  are  mixed  t  cm.  of  i  per  cent  eosin  or  methyl  violet 
^Arith  the  urine,  then  centrifugalired  and  washed  by  centrifugaliiaiion  till  all  the 
^^nrine  i*  removed    One  drop  of  sediment  is  then  mounted  on  the  slide  with  one 
^Bilrop  of  the  above  fixing  fluid, 

^^  Buhland  adviies  lo  waih  with  salt  solution:  then  Miiller's  fluid  is  added,  and 
they  \rpt  in  this  for  two  weeks,  changing  the  Huid  two  to  three  time.  The 
Huller's  fluid  is  then  decanted  and  ibc  sediincnl  wH3hi!d  i>i  absolute  alcohol  until 
ihii  it  colorless. 


» 


Testicular  Casts. — In  "  apcrm.'ilorrlioM"  casts  have  Iwcn  descrilwd 
which  "can  hardly  be  distinfjiiislicil  fmin  rciial  casts  cxcepi  tiiat  the 
urine  is  otherwise  nomial.  They  are  all  in  the  first  glass  of  the  two- 
glass  test,  and  the  presence  of  spcrniatnzna  will  indicate  their  origin. 
Tliey  arc  siipptised  to  arise  in  ihe  leslicle.''  We  have  inquired  of 
those  witli  a  very  wide  experience  in  the  examination  of  prostatic 
wcrelions,  and  they  say  they  have  never  seen  such  structnres.  Sper- 
matost>a  may  often  t>c  foiiml.  active  at  first,  and  with  all  of  the  cle- 
menli  of  nnripe  seinen.  They  soon  gn  to  pieces.  Such  occur  not 
only  after  coitus  and  pollution,  but  after  epileptic  and  other  convulsive 
jeizurcs. 

TrippcrHdcn. —  'I'lie-sc  occur  in  a  tatc  stage  of  acute  gonorrlwea 
and  in  chronic  gleet  when  the  secretion  becomes  very  mucous  and 
eoitects  in  the  longitudinal  furrows  of  the  mttcosa.  Tliey  may  Iw  from 
a  few  millimetres  to  one  centimetre  long  and  yellow  or  white  in  color, 

Zeitschr  f  klin,  Med..  t9go.  Bd.  jR, 
V'ircbow's  Arch,,  1903,  vol.  clxxix.  p.  161. 
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consisting  of  a  mucous  ground  substance  in  which  are  embedded  pui 
and  epithelial  ceils. 

Tissue  fragments,  portions  of  carcinoma,  have  been  found;  also 
masses  of  caseous  matter  in  cases  of  tuberculous  ulceration.  The  elas- 
tic tissue  may  be  demonstrated,  and  in  the  case  uf  cancer  the  spindle 
cells,  which  may  enclose  liu:matoidin  crystals  and  red  blood -corpuscles. 
To  demonstrate  elastic  tissue  the  urine  should  be  ccntrifugalized.  acid 
added  to  dissolve  the  phosphates,  the  supeniatant  fluid  decanted,  and 
the  sedimeni  then  warmed  with  an  equal  amount  of  lO  per  cent,  KOH. 
This  destroys  all  but  the  elastic  tissue.  It  is  then  sedimciueU  again 
and  examined  microscopically. 

In  papillomatous  cancers  and  growths  of  the  bladder  fragments 
large  enough  to  be  cut  in  sections  may  be  found.  They  have  been  found 
in  the  urine  especially  of  cases  of  carctnomata  of  the  bladder,  very 
rarely  of  the  kidney.  From  some  of  these  a  diagnosis  could  be  made. 
Fragments  of  sarcomata  in  the  urine  arc  almost  unknown,  but  struc- 
tureless nia.tscs  have  been  found,  as  by  Rothschild.""'  from  a  giant-cell 
sarcoma  of  the  kidney.  This  l.irge  mass  was  5.2  cm.  long  and  0.5  cm. 
wide,  structureless,  glassy,  transparent,  ami  quite  firm. 

Other  gross  masses  arc  mucous  casts  (see  page  211),  and  fibrin 
masses  in  chyhiria,  h;ematuria,  and  from  inflammatory  conditions, 
especially  tuberculosis. 

Pus-Cells. — These  occur,  a  few  perhaps,  in  normal  urine,  but 
many  in  any  intlanuuation  of  the  urinary  passages,  of  the  kidney,  or  in 
case  an  abscess  ruptures  into  the  urinary  tract.  Their  numbers  vary 
enormously.  .\s  a  rule,  if  from  the  cortex  of  the  kidney,  they  arc 
few  in  number,  if  from  the  passages,  many. 

Hottinger  found  in  a  case  of  cystitis  150,000  leucocytes  per  cubic 
ccniimctrc.  that  is,  a  daily  output  of  aljoul  one  one-hundredth  lh« 
number  of  leucocytes  normally  at  one  lime  in  the  circulating  hlood. 

Their  origin  is  better  indicated  by  other  constituents,  as,  for  in- 
stance the  character  of  the  epithelial  cells  or  the  presence  of  casts. 
In  case  a  large  amount  of  pus  appears  suddenly,  the  probable  source 
is  ruptured  abscess.  The  pus-cells  in  gonorrhrca  may  be  mixed  with 
miicns.  f<inu  thrcails.  the  so-calk-il  Tripperfiiden  which  probably  are 
formed  in  the  folds  of  the  mucosa  and  are  washed  out  by  the  stream 
of  urine.  These  Tripperfiiden  will  settle  to  the  bottom  of  the  glass. 
They  should  be  searched  for  only  in  fresh  specitnens  by  agitating  the 
urine,  when  Ihey  arise  as  long  threads,  since  if  allowed  to  settle  long 
they  will  coalesce.    They  have  a  considerable  diagnostic  value. 

In  all  cases  ()f  women  pus  from  the  vagina  should  lie  exdudeil. 

In  alkaline  urine  the  pus-cells  will  swell  and  the  mass  become 
slimy  and  gelatinous.    The  pus  sediment  is,  as  a  rule,  slimy,  since  it 
'"Dcuticheii  tned.  Wochenschr.,  1901.  No,  JO- 
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ccmtains  so  much  mucus.  Albumin  is  always  present.  Microscopi- 
cally m  acid  urine  the  cclh  may  be  cloudy  and  shrunken,  and  acetic 
acid  be  necessary  in  order  that  the  nucleus  may  be  seen  at  all.  In 
an  alkaline  urine  they  will  swell  and  become  gla^isy.  hut  even  here  it 
is  not  easy  t<.i  see  iIk-  nucleus.  In  a  weakly  alkaline,  airi|)lioteric.  or 
fiinly  acid  urine  they  may  be  well  preserved  for  a  long  time,  and 
e\ni  sliow  active  amoeboid  motion.  Their  diameter  is  from  ~  to  12 
microns.  Their  nucleus  is  small,  usually  poljinuqjhous,  never  vesic- 
tilir.  This  will  exchide  renal  epithelium,  which  it  is  often  hard  to  do 
except  in  stained  specimens.  (Senator  considered  that  many  of  the 
pui-cells  in  Brighl's  disease  were  mononuclears, ) 

We  have  had  oiiportunity  rectniljr  to  exanime  two  casw  in  which  ihc  leucocytes 
•m  M  titawn  out  ihut  they  resembled  »piiidle  epithelial  ct\U.  Thii  may  have 
hna  doe  to  long  centrifugal  ballon  in  one  case  Thi*  was  true  of  practically  all 
Ik  leoeocyica  and  on  two  preparstiont. 

It  is  often  important  tu  decide  whether  there  U  more  albumin  than 
the pt»  serum  would  explain;  that  is,  ii  true  albuminuria  is  also  pres- 
ent. In  case  casts  and  renal  epithelium  arc  found,  that  will  probably 
be  ihc  case. 

Poiaer*B  Method. — The  albumin  is  estimated  carefully.  The  urine 
ij  well  shaken  (a  twenty-four  hours'  specimen)  and  the  leucocytes 
(cunled  with  the  ordinary  blood-counter.  For  each  100,000  leucocytes 
fff  2  cc,  of  urine,  one  may  expect  o.i  per  cent,  albumin 
(Goldberg.  2  p.  M.).  The  urine  must  be  diluted  with  1  to  3  per 
ten.  rCaCI  solution  if  over  3000  per  cubic  millimetre  arc  present. 

The  same  author  has  given  an  easier  method  which  is  of  some 
»»lue.  The  urine  is  [Kturcd  into  a  flat-botiomcd  beaker  which  is 
pUced  over  a  sheet  of  ordinary  printed  paper.  The  well-shaken  urine 
H  then  poured  in  until  the  type  cannot  he  read.  Normally  one  can 
rod  through  a  layer  of  urine  8  cm.  deep;  if  the  type  cannot  be  read 
when  the  layer  is  from  0.5  to  i  cm.  it  indicates  40.000  leucocytes  per 
fuhic centimetre;  ii  6  cm.,  1000  leuocytcs  per  cubic  centinieire.  The 
benefit  of  treatment  may  be  followed  by  this  method.  A  former  idea. 
Hut  the  filtrate  of  a  urine  without  true  albuminuria  is  albumin-free,  is 
hrdly  true,  although  the  albumin  in  the  filtrate  is  of  very  small 
amount. 

Domfa  Pua  Teat. — The  supernatant  fluid  is  poured  off.  and  to  the 
sediment  a  small  piece  or  =trong  solutinn  of  KOII  or  N'aOI!  is  added. 
Ii  the  sediment  is  pus  it  will  be  transformed  to  a  viscid  gelatinous  mass 
«hich  sticks  to  the  glass. 

Ihv  piis-cells  will  take  a  mahogany-brown  color  with  Lngol's. 

Red  Blood-Corpuscles  apart  from  True  Hcematuria. — These  are 
present  in  the  urine  in  acute  inflammations  of  the  kidney,  tumors  of 
inary  passage  or  kidney,  in  cases  of  trauma,  stone,  chronic  pas- 
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sive  congestion,  the  hemorriiagic  diailiesis.  and  in  many  trivial  comi^ 
lions  in  which  they  wouki  not  be  expected.  Some  of  the  cells  are 
intact  or  they  may  be  changed  by  the  urine.  It  is  particularly  com- 
mon to  sec  merely  shadows  or  rings  of  the  swollen  decolorized  cdk. 

In  concctitratcd  urines  they  are  crcnated;  in  dilute,  swollen  or 
laky:  in  acid  urines,  intact;  in  alkaline,  destroyed,  forming  masses 
of  yellowish-brown  granules. 

It  is  important  to  decide  if  these  ceils  come  from  the  cortex  of  the 
kidney  or  not.  A  cortical  origin  may  be  assumed  if  many  red  blood- 
cells  arc  sticking  to  casts  or  i  f  true  blcHid-casts  arc  present.  An  amount 
of  bloijil  i^unicjotit  for  clot  formation  usually  has  its  source  below  the 
conex,  but  sometimes  in  nephritis  enough  hloo<l  may  escape  from  tltc 
ci>rtcx  to  form  large  clots,  the  shape  of  which  will  sometimes  indicate 
the  source,  it  Ijciuf;  a  cast  of  the  petvi*  or  of  the  ureter. 

Gumprccht  claimed  that  if  many  of  the  reds  were  found  frag- 
mented, that  is,  present  as  clumps  of  granules,  the  source  in  the  cortex 
is  to  Iw  a^siimeil.  since  here  alinie  the  urea  .solution  is  strong  enough  to 
fragment  the  reds  (8  per  cent.).  Goldberg  thinks  that  these  cells 
can  become  frai;nieiited  in  a  distended  infected  bladder. 

Renal  and  Bladder  Stones. — Uy  renal  stones  arc  meant  all  from 
the  pelvis  of  the  kidney  and  the  nreler.  Iliey  vary  in  size  from  a  grain 
of  sand  to  those  which  fill  the  whole  pelvis  of  the  kidney.  Tliese 
large  ones  with  (he  branches  may  be  hollow,  furnishing  thns^  passage 
for  the  urine  (in  one  case  it  weighed  1088  grains).  Tlie  bladder  con- 
cretion:* are  single  or  multiple,  and  vary  greatly  in  sine. 

Uric  Acid  Concretioiit. — These  are  vcr\-  common,  the  most  common 
renal  stone.  The  size  of  those  found  in  the  bladder  varies  from  that 
of  a  pea  to  that  of  a  goose-egg.  lliey  are  always  colored,  nio>it  com- 
monly a  grayish  yellow,  yellowish-brown,  or  a  pale  reddish-brown.  The 
surface  is  sometimes  smooth  and  pi^>lished,  sometimes  rough  and  nodu- 
lar. They  are  very  hard,  fracture  e.isily.  and  on  cross-section  they 
show  a  concentric  arraiiKcnicnt  anil  crystalline  structure,  the  layers  of 
which  may  be  separated  being  of  dilTerenl  colors.  Tlicse  layers  may 
be  alternately  of  uric  acid  and  some  other  salt,  as.  for  instance.  CaOx. 
They  burn  without  residue  if  pure,  they  give  the  murexid  test,  on  the 
addition  of  NaOH  they  liberate  but  little  ammonia,  arc  soluble  in 
alkali,  and  \h\?.  solution  plus  acetic  acid  gives  crystals  for  tlw  murexid 
test. 

Anmontum  urate  stones  are  primary  in  the  ^e^v■born.  and  occur 
rarely  in  adults.  As  secondary  deposits  they  occur  more  commonly. 
These  stones  are  almost  as  soft  as  wax,  when  dry  are  clayey  and  easily 
powdered.  They  give  the  murexid  test  and  with  NaOH  liberate  much 
ammonia. 

Calcium  oxalate  sionea  are,  next  to  uric  acid  stones,  the  most  common, 


THE   UHIJJE 


271 


r 


I   anri  jft  sccm  ihc  most  minierous.  since  they  cause  severest  symptoms. 
I    They  arc  citli«r  smoutli  ami  small  or  very  large  with  a  rough  nodular 
I  orn^etl  surface,  of  a  dark  gray  to  blackish  color.    Tlicy  cause  hemor- 
th^c  tasily,  antl  henc«  arc  often  stained  dark  brown  willi  blooil-pig- 
mnn.    Tbey  are  the  hardest  and  lte;ivicst  of  stones.     Tlicy  arc  soluble 
in  HCI  without  gas  fonnation.  hut  not  in  acetic  acid.    After  moderate 
htaliiig.  however,  the  powder  is  soluble  in  ncelic  acid  with  gas  evolu- 
tion,  .\fter  strongly  heating,  the  powder  reacts  alkaline  liccausc  of  the 
I    CilOH),  fonned.     Tliey  contain  almost  always  some  uric  acid, 
I   xintliin.  or  calcium  carbonate,  and  hence  have  a  concentric  layer 
I  amngcmcnt. 

niasphaie  Stones. — As   renal   stones  they  are  rare  and  small,  yet 

I    'liten  occur  as  ingredients  of  other  stones.     They  usually  consist  of 

I   a  mixture  of  nonnal  phuspbates  of  the  alkaline  earths  and  triple  phos- 

I    jihae.    In  the  bladder  they  may  lie  very  large.    They  occur  es])ecially 

I  as  secondary  concretions,  and  contain  anunonium  urate.  CaO.>:.  and 

arhonates.     They  often   form  around  a   foreign  body.     Their  color 

urics. — sometimes  white  or  pa!c  yellow,  or  purplish.    They  are  soft. 

Irght  in  weight,  the  surface  always  rough.    Concretions  of  triple  phos- 

I'liate  akine  are  rare,     Tliey  are  small  with  a  granular  surface.  u]K>n 

ihidi  arc  often  red  crystals.     Stones  of  the  Acm  i:.M.[:it:M  i-hosphate 

in  rare.     They  arc  white  and  of  a  beautiful  crystalline  structure. 

TTitse  pl)osi)ti3te  stones  do  not  burn,  the  powder  is  soluble  in  acetic 

■icrd  without  gas  formation,  and  the  solution  gives  the  reaction  of 

[^Kisphoric  acid  and  of  alkaline  earths.    They  usually  contain  a  great 

mwy  organisms,     Tlie  TRiPi.r.   phosphate  stonks  liberate  much 

Mimmiia  on  the  addition  of  NaOII. 

Calcium  carbonate  stones  are  rare  in  man,  are  chalky  white,  soluble 
in  acid  with  gas  formation, 

Cyxtia  stones  are  rare.    Their  size  varies,  and  may  reach  that  of  a 
*f  *s  egg ;  as  renal  concretions  they  are  seldom  larger  than  a  small  pea. 
The  life  of  some  of  the  cases  of  cystinuria  is  wretched  Iwcause  of  the 
rapid,  formation  of  stones  large  enough  for  operation.     They  are  light 
m  weight,  smooth,  soft  and  waxy  in  consistency,  hence  may  usu- 
ally be  crusheil.    They  have  a  smooth  or  ragged  surface,  are  white  or 
pale  yellow,  and  crystalline  on  cross-sect  ton.     They  are  rallier  wa,x- 
Itke.  bum  readily  and  perfectly  on  a  platinum-foil  with  a  bluish  flame, 
are  soluble  in  ammonia,  recrystallized  hy  acciic  acid,  and  give  the  other 
rstin  reactions, 
Xanthin  stones  are  very  rare  and  occur  especially  in  children.     Tliis 
a  also  a  prinian,-  formation,    They  vary  in  size  from  a  pea  to  that  of  a 
ben's  egg.    They  are  pale  while,  yellovvish-browu,  radier  hard,  amor- 
phous on  cross-section,  and  on  nibbing  appear  like  w.ix.    They  bum 
without  residue  on  the  platinum-foil,  and  give  the  xanthin  test. 
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Fatty  concretions  have  only  a  few  times  been  observed.  They  con- 
tain free  fatty  acid,  neutral  fat,  and  much  cholesterin.  In  some  cases 
these  have  been  found  to  be  of  the  fat  used  in  passing  bougies. 

In<Ugo. — Three  such  stones  are  on  record,  and  yet  this  may  be  the 
nucleus  of  various  other  stones.  They  have  a  blue  or  bluish-gray  sur- 
face. 

Albamin. — One  such  calculus  is  on  record. 
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THE   OtlNE:    BACTKKIA 

Bacteria. — The  growth  of  bacteria  in  urine  on  standing  is  exceed- 
ing!)- rapid,  and  the  rapid  change.'^  which  they  make  in  its  cUciiiical 
(ijmixjsitiun  necessitates  the  use  of  subs-iaiiccs  like  chloroiorni,  cam- 
phtir,  thymol,  etc..  to  present  it.  These  liactcria  arc  usually  contain- 
inuioas.  Init  in  cases  of  infections  of  the  kidneys,  urinary  tract,  and  in 
OKsuf  the  ■'  excretion"  of  bacteria,  perhaps  without  local  renal  lesion, 
lidf  examination  is  of  particular  importance.  Qoudiness  due  to  ihcm 
ifll  not  clear  on  sedimentation  nor  filtration.  In  old  urines  these 
OTfisnisms  form  a  sann  on  the  surface,  and  in  cases  of  bacilhiria  the 
ftdi  urine  will  sometimes  shimmer,  when  shaken,  like  a  bouillon 
^Qiilure. 

B  Tliat  the  liacterial  examination  may  he  valuable  it  is  necessary 
p  rluitlie  sijccimcn  l>c  cathctcrizcd  with  the  greatest  care.  In  certain 
(lisaws  of  the  urinary  passages.  es|)ecially  the  bladder,  saprophytes 
may  fTow  in  great  numl>crs,  causing  an  intravesical  .^mmoniacal  de- 
tunposition  of  the  urine.  The  organism  to  which  this  is  usually 
utrSied  is  Micrococcus  urea?,  soon  present  in  every  urine,  but  since 
iHf&any  not  when  fresh  a  s|>ecial  ferment  is  assumed.  Of  the 
ptlhogenic  organisms  foun<i  in  infectious  nephritis,  cystitis,  etc.,  arc 
Ibe  mtiin  liacillus  es|Ktially,  strept(K«Kci.  and  staphylococci,  and  fur- 
Attthe  typhoid,  which  may  he  present  in  enomious  nimibers  and  with 
bnlly  any  pus  in  perhaps  one-third  of  the  cases  of  typhoid  fever. 
Sonumeroits  may  these  l»c  (even  five  hundred  millions  per  centimetre. 
Cun-ji)  that  on  sh.iking  the  fresh  urine  one  obtains  the  same  shimmer 
^<tn  in  the  iMniillon  culture.  Actinomycoses  have  also  Iwcn  found. 
In  one  case  of  cancer  of  the  stomach  the  lactic  acid  hacillus  ( of  Boas) 
*»ilso  present  in  a  cancer  nodule  of  the  kidney. 

In  cases  of  nuspected  tuberculosis  of  the  kidney  or  other  accessory 
^"pra  it  is  often  important  to  demonstrate  the  tubercle  KACiLt.t,"s. 
TTiis  is  often  difficult,  ami  various  methods  have  been  pro])osed.  The 
tnu  trouble  is  to  wa^'h  the  specimen  clear  of  urea  which  because  of 
*i  fcydroscopic  properties  renders  a  good  smear  almost  impossible. 
Tliiiniay  he  <lone  by  washing  the  sediment  several  times  on  the  cen- 
•nfiigc  with  water,  in  which  case.  howe\er,  a  little  egg  albumin  must 
liiullv  be  added  to  btick  ihe  bacilli  to  the  slide.  (For  staining  meth- 
M(.  see  page  50.) 

If  much  sediment  is  present  the  search  is  easier,  since  fragments 
'•(tissue  contain  the  bacilli  hence  a  goi^id  smear  is  possible. 

In  centrifugalizing  it  is  well  to  add  two  volumes  of  alcohol  to  the 
"rine.  since  this,  l)ecausc  of  its  lighter  specific  gravity,  renrlers  cen- 
trifugal illation  possible.  Grcgcrscn  advised  sedimentation  in  preference 
to  the  cemrifngaliMtion.  since  in  the  latter  case  the  organisms  ^tick  to 
fte  elass.  ,'\nimal  inoculations  are  often  necessary. 

The  SMEGMA  tiACii.T.tiS  is  generally  much  feared,  and  very  many 
Wain*  fev*n  twentj--one^  have  been  proposed  to  exclude  it.    In  gen* 
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I,  it  may  be  said  that  if  care  be  taken  to  clean  the  external  gcnilat' 
organs,  the  folds  of  the  prepuce  or  clitoris  and  the  external  orifice  oi 
tlie  urethra,  there  is  no  danger.  The  only  hope  to  exclude  this  oigan- 
isin  is  by  not  getting  it,  rather  than  by  any  stain  or  morphol(^caJ 
test,  for  while  many  forms  of  the  smegina  bacillus  may  be  thus  recog- 
nized, some  cannot.  The  smegma  bacillus  varies  much  in  inorphologj 
and  staining  characteristics:  no  one  feature  is  constant,  and  socnt 
forms  are  exactly  like  the  tubercle  bacillus  in  all  these  points.  It  livet 
anywhere  on  the  surface  of  the  body  that  the  secretions  of  the  skii 
accumulate.  One  avoids  it  by  external  cleanliness,  using  special  noz- 
zles for  irrigation,  and  then  calls  any  acid -alcohol -fast  organism  in 
the  urine  a  tubercle  bacillus;  yet  even  then  the  court  of  last  appeal 
is  animal  inoculation. 

Since  the  tubercle  bncilli  have  been  found  in  caici  of  acuic  miliary  tutxKD- 
lo»ii  without  especial  renal  involvement,  and  wme  think  miiy  be  CKcrctc<l  by  tlie 
urine  in  tubeiculoxit  of  other  organs  than  the  kidneys,  tbcir  ptctcnce  without  an; 
other  local  siitn  or  urinary  feature  is  hardly  enough  to  justify  (be  diagnosit  of 
renal  tubcrcutons. 

Churchman  gives  a  full  discussion  to  this  question  (Am.  Jour,  Mod.  ^ 
Sc.  July.  1905). 

The  YEAST  CELLS  occur  especially  in  diabetes,  since  they  require  a  ^ 
sugar  medium.  In  this  disease  they  may  consume  the  sugar  before  the 
urine  is  voided  and  give  rise  to  "  pneumaturia."  They  also  occur  ia 
alkaline  urine  an(\  iii.-iy  form  a  sediment.  To  cuhivate  them  the  urine] 
should  be  kept  acid  with  acetic  acid.  | 

MoL^LDs  may  perhaps  sometimes  occur  in  ihe  urine  when  voided.' 
but  the  spores  accumulate  on  standing.  In  a  rixent  case  of  pyelitis,  ihC' 
pelvis  of  the  kidney  had  been  repeatedly  irrigated  through  uretcrall 
catheterization,  on  one  occasion  the  urine  whidi  escaped  was  very 
bloody,  and  in  it  were  found  mycelial  masses  of  some  organism  whichi 
would  not  grow  on  media.  After  washing  the  pelvis  out  well  no  more: 
were  found.  They  may  have  been  introduced  at  a  previous  catheteri-i 
xation.  I 

Sarcin.£  smaller  than  those  found  in  the  ga.'^tric  cases  may  alsoj 
be  found. 

Among  the  Animal  Pirasltca  which  may  be  demonstrated  either 
partly  or  entire  in  the  urine  are  the  hooklets,  daughter  cysts  (evtB 
several  hundred  in  a  case),  and  fragments  of  membrane  of  rchino- 
coccus  CYSTS,  Tliere  are  no  urinary  symptoms  of  hydatid  disease 
of  the  kidney  unless  there  be  catarrhal  pyelitis  or  the  cyst  empties! 
into  the  urinary  tract.  If  the  latter  be  the  case  the  urine  will  appear; 
watery,  soapy,  or  bloody.  Embryos  of  filaria  are  found  in  tropical! 
haemaiochyluria.     (See  page  608.) 

Fi,AGELi-ATEB  belonging  to  the  cercomonas  or  the  trichomonas 
class  occur.  Concerning  these  there  is  a  dispute  as  to  their  origin, 
whether  present  before  voiding  or  a  later  contamination  of  the  urine. 
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EusTRONCVLUS  GiGAS. — A  fcw  cascs  are  reported,  but  in  many 
ley  were  mistaken  diagnoses.     In  one  case  of  cliyliiria  these  eggs 
found.'"" 


r»  J}.— SvdtRwnl  Iran  fchinococcui  cyM.    Above  uiit  lo  Iht  lell  iirc  Iwu  ilcKciwialid  acolina 
OtioMtel;  Idltw  ri|hi  h  Ih*  hndal  •  (coin  |X4»);  below  are  hooklrla  (il  unaiu*]  tluipct  and  ■ 
laiMcl  tlutcRtilncr>iiili.    >  too, 


SCUISTOSOMUSI     H^MATOBIL'M     (BiLIlARZ).       ir^S-r-^^: 

DuTOMA  H^MATomuM.^Tlits  womi,  SO  coni- 
nwi  in  Africa,  especially  ligypt  and  ihe  Trans- 
nil.  has  been  found  but  six  times  in  this  ciHin- 
iry "'  and  twice  in  Porto  Rico  ( Martinez) , 
"Hii  adult  male  (see  Fig.  57)  is  12  to  14  mm. 
icng.  flat,  but  so  folded  that  it  forms  a  gyneco- 
plwric  canal  which  receives  the  female,  which  is 
XI  nun.  long  and  filiform. 

The  adults  live  in  the  portal  system  and  the 
"lucoia  of  the  urinary  tract  and  rectum,  also  in 
'^f  pelvis  of  Ihe  kiilney.  The  resulis  of  its  pres- 
tncr  arc   hciuorrhagcs.    "  the    EgyiJtian    h.Tma- 

ia."  either  profuse  or  but  a  few  drops  at  the 

ifJof  voidings.  pyelitis,  even  atrophy  of  the  kid- 
The  eggs  (Fig.  92)  arc  voided  and  may 
Itcwnw  the  nucleus  of  a  stone,  Tlie  symptoms  are 
fiOTiaturia  with  (hc:;e  eggs.  They  are  large. — o.  tG 
170,6  mm.  in  size. — with  a  transparent  shell,  and 
«tria,in  a  ciliated  enibrj'o. 

Nematode  worms  other  than  filaria  are  sometimes  found  in  the 


Fib.  s6— A  inuill  Inuh 
meiil  ol  ecbinocotcu* 
cryM-wall  on  crot*  lr«c- 
Kire.  ihowlni  innivmt 
itcliiioii  uid  innliiMlon. 
Xso. 


'Statrlr.  Drultcho  Arch,  f   klin.  Med,,  190J,  vol.  IxxviiL  p,  586. 

'See  CKNeil.  Boston  Me<l  ami  Sura,  Jour,,  Oclobcr  27.  11304.  vol.  cli.  p.  453- 
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urine,  some  of  which  may  be  AnguUlula  acett,  or  "  vinegar  eel."  Stile 
reports  one  case  of  infection  of  the  bladder  with  this  worm.  Othe 
cases  may  be  due  to  contamination  from  the  bottle  in  which  the  urir 
is   collected.""     These    worms    resemble    closely    Strongyloides  ir 


Fm.  j7,**Schl9tosaraum  h»>matobiuin.  udult  wurms.    (Copied  from  Braun, ) 

testinalis.  except  that  these  worms  {A.  aceti)  are  slightly  longer 
(Males,  1,2  mm.  long,  0.033  "'"T-  wide:  females,  1.9  mm.  long,  0.0 
mm.  wide;   embryos,  0.25  to  0.3  mm.  by  0.015  mm.) 

The  student  should  always  be  able  to  reci  ignite  the  various  plar 
contaminaliuns  which  occur  in  water  and  bence  in  vessels  rinsed  01 
with  this  water;  that  is,  he  should  be  able  to  say  that  they  ai 
plants  and  of  no  significance,  A  few  of  the  most  common  we  gi\ 
in  Fig.  58. 

Prostatic  Fluid. — This  fluid  is  best  obtahied  by  "  milking"  the  pro 
tate  through  the  rectum.  The  urethra  is  first  well  washed,  then  tl 
'"Billings  and  Miller.  AiniTican   Medicine.  May  ,11,   1902. 
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fluid  expressed  and  collected.  The  amount  varies  greatly,  from  none 
to  even  5  cc.  of  normal  fluid  at  one  milking.  It  is  of  a  grayish-white, 
;fIlow,  or  greenish  color,  with  a  milky  tiirbittity  due  to  Iccitliin  glob- 
ules, and  of  a  characteristic  odor.  It  is  slightly  vi^-id.  tenacious,  of 
jhi  specitic  gravity  since  the  sohds  are  hut  i  to  2  per  cent.,  faintly 
iline  A%  3  rule,  although  it  is  acid  In  some  reagent';;    its  reaction 

vcrj-  much,  and  is  as  yet  a  very  uncertain  cuialily. 
One  examines  first  fresh  for  motile  sperirraloroa,  then  adds  a  drop 
laretic  acid  to  bring  out  ihe  cells  more  clearly,  and  examines  for  pus- 
i\^    <Fig.  59.b.) 

Microscopically,  the  most  striking  objects  are  the  great  nunibers  of 

Uciihin  globults  (Fig.  59,  a),  which  give  it  its  milky  appearance. 

:vary  in  size  from  those  minute  to  others  even  half  the  size  of  a 


'^  N— Ptoualic  Said,     tx  4M.I    a,  kililiui  kIoUuIci  .  b.  |ii»'i.<llt,  c,  t^rthellsl  celli;  d.  corpocd 
■airluni;  c.  few  gnDulci  Irotn  cpllbdinltellii  I.ipeiiiiUeKw. 

|i«l  blood-cell.  They  arc  not  very  refractive,  and  can  be  easily  distin- 
Ipiiihed  from  fat.  Their  only  significance  is  that  an  increase  is  a  good 
•ijtn  in  cases  oi  chronic  prostatitis.  Corponi  umylticcn  (Fig.  59.  <U 
0.  c)  are  often  found,  especially  in  advanced  life,  in  which  case  llicy 
s'wippear  in  the  urine.  They  are  laminated,  with  a  finely  granular 
tCilTC.  often  a  nucleus.  Of  their  composition  nothing  is  known  e-xcept 
Ihat  ihcy  stain  blue  with  iodine ;  they  have  no  significance.  Epitheliat 
(tUjoi  various  kinds  arc  present.  Some  are  large,  polygonal,  single  or 
■groups,  and  of  very  varying  size  (See  Figs.  59.  c,  60,  a).  Other  cells, 
l^Sfrcallcd  granular  cells  (Fig.  60.  e).  also  of  varying  size,  arc  simple 
"lUsei  of  granules  resembling  fat,  some  of  which  resemble  colostrum 
wrpuscles.  Iliese  break  down,  hence  the  refractive  globules  seen  free 
MlJie  fluid  (  Fig.  59.  e).  Some  granules  resemble  myelin  (  Fig.  60.  d). 
C'litimnar  e))ithclial  cells  arc  sometimes  present.  In  addition  to  these 
»ft  large  clear  cells  of  very  varying  siire,  with  nr  without  nucleus  (see 
Fig.  fio,  b),  which  arc  supposed  also  to  be  derived  from  the  seminal 
micles.  There  are  nonnnlly  no  pus-cells,  nor  any  red  blood-corpuscles. 
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Spcrmatosoa  (Fig.  59,  f)  are  usually  preseni.     (For  a  description  o£  !j 
these,  sec  Utiiversily  of  Pennsylvania  Med.  Bull..  No.  3,  1902.) 

Thcie  should  be  examined  fr»h.  la  make  sure  of  llicir  moiiltty;  to  ilit 
lliCRi  more  carefully  t^mcsrs  jirc  made,  tlncd  iii  ilie  mt,  healed  to  120'.  and  code 
ttowly.  The  fluid  .ihoutd  iJMt  lie  diluicil  with  water  even  of  twenty  volumti  ir 
c»sc  much  piotcid  lie  prcsciiL  They  arc  best  Mained  in  iron  hxmatoxylin.  Tl« 
specimen  fixed  by  heat  ii  iilaccd  in  3  per  cent,  iron  alum  totution  for  from  two 
tu  (uui  hours,  waihed  in  hater,  then  in  I  |>er  cent.  Iixmatoxylui  for  twelve  hours^ 
They  arc  deroloriicd  wilh  i  per  cent,  iron  alum  earefully.  and  counlcrMaineJ  »iiM 
saturated  aqueous  ^ululton  of  eusin  frura  one  to  three  minuter,  l)i«n  dried  tndl 
mounifd.  Many  of  ihcm  are  abnormal  iti  sliape,  Koiue  with  two  heads  and  wilU 
even  llirec  UiU.     Theie  tnoniler*  seem  never  to  move. 


One  seldom  tries  to  dctcnninc  more  than  their  presence  and  n' 
tility;  if  motile,  one  is  coiilident  that  lliey  arc  functtoiially  normal:  i4 
absent  or  non-motile,  no  conclusions  arc  ju-stilied.  J 

In  acute  or  chronic  prostatitis  many  leucocytes  are  present,  audi 
lecithin  is  diminished. 

Spcrmin  crystnls  resemble  somewhat  the  Charcot-Lcydcu  crysiaUj 
being  colorless,  iransparent  needles  or  whetstones,  but  are  often  ini|)cr-^ 
fectly  crystallized.  To  demonstrate  these  the  semen  is  allowed  ta 
stand.  To  the  prostatic  fluid,  however,  nnist  be  added  one  drop  of  l] 
per  cetit.  atnmonium  phosphate  and  the  specimen  allowed  to  dry  undetj 
a  cover-glass  for  two  hours. 

The  I'HosTATic  CASTS  which  arc  said  by  sonic  to  resemble  the 
urine  casts  markedly  nnist  certainly  be  rare,  since  we  have  asked  those 
who  have  examined  many  hundreds  of  specimens,  and  they  have  nev 
seen  one. 

Tripi'Erfauen. — These  threads,  which  are  seen  grossly  in  th? 
urine  in  cases  of  chronic  gonorrhrea,  are  present  as  narrow  delicate 
transparent  mucous  flucculi.  which  microscopically  contain  mucus  and 
a  few  epithelial  and  still  fewer  pns-cclis;  this  form  is  present  in  veri 
chronic  cases:  or  shorter,  firmer  banils.  in  which  the  cellular  elements] 
especinlly  the  pus-cells,  predominate.  Tlicy  settle  ai  once  to  th* 
bottom  of  tlic  glass,  but  arc  evident  on  agitating  the  urine,  upon  whieli 
the  threads  rise  from  the  bottom.  In  an  old  urine  thej-  may  be  diffi- 
cult to  demonstrate,  since  they  have  coalesced.  i 

Al-so  short  coma-like  flocctili  are  seen  which  arise  from  the  cxcro! 
tory  ducts  of  various  glands  and  follicles,  and  mean  an  intense  ini 
volvenient  of  the  urethral  glantls.  Tliose  in  the  second  glass  are  from 
the  gbnds  in  the  prostate,  and  are  signs  of  chronic  prostatitis.  Thej 
consist  of  superimposed  layers  of  cylindrical  epithelium.  | 

Prostatic  pi.tjf;s  arc  sometimes  found  which  are  large  cylindrical 
masses  of  mucus.  These  are  found  in  mild  inflnmmations  of  the  pro»J 
tatic  ducts.  Other  mucous  masses  arc  found  full  of  spermatozoi 
(Fig.  60. 


DISEASES  or  THE  KIDNEVS 

Albuminuria. — In  order  to  get  a  general  idea  of  the  occurrence  of 
albunimuria,  the  conditions  in  which  it  occurred  most  commonly,  and, 
impossible,  obtain  some  clue  for  furtlier  invest igatit>ii  in  this  important 
subject,  we  have  abstracted  the  histories  of  3631  hospital  cases,  taking 
liieni  in  order  of  admission  to  the  hospital  without  reference  to  their 
diagnosis.  Only  such  histories  were  alistracted  the  urine  examinations 
in  which  appeared  to  us  perfectly  satisfactory. 

It  ver)-  soon  became  evident  that  the  age  line,  that  is.  the  occur- 
"Wce  of  albumin  in  the  various  decades,  is  to  be  first  determined.  So 
""poriant  ts  this  thai  the  effect  of  any  given  agent  or  disease  upon 


Fn.«i.— M4i*ot  niicutfillcd  wUb>p«tniUoiMlrDaiu(iHCUh>»riHilatd«lh.     -:  ««. 

f"^  kidneys  can  only  be  rightly  determined  in  case  the  age  he  taken 
KUUo  consider.ition. 

^       We  have  divided  the  cases  into  three  groups. — those  in  which 

f"e  urine  was  throughout  the  stay  in  the  hospital  albumin- free;  those 

"*  »liich  the  albumin  was  present  for  a  time  but  disappeared  while 

^nder  examination ;  and  tliose  in  which  albumin  was  present  at  each 

*Wmiixation.    As  the  age  epoclis  we  have  chosen  from  one  to  fifteen, 

^ttleen  to  twenty-five,  twenty-six  to  thirty-five,  thirty-six  to  forty-five, 

*»d  so  on  through  the  epochs.    'Hie  reason  for  choosing  these  figures  is 

that  ihe  ages  of  fifteen  and  twenty-five  arc  more  truly  transition  points 

in  a  person's  life  than  ten  and  twenty.     Not  only  should  the  urine  be 

iludied  by  decades,  but  also  the  sexes  should  be  sttwiied  sejiarately  for 

certain  decades  at  least.    On  the  whole,  the  sex  has  much  less  influence 

than  one  would  expect.  'Hiese  figiircs  will  be  published  in  full  later.  The 

neurasthenics  may  be  taken  as  representing  a  group  of  normal  men, 

for  this  diagnosis  represents  exclusion  of  other  conditions.     Of  the 

men,  the  percentages  with  albumin-free  urine  were :  one  to  fifteen  years 

per  cent.:    sixteen  to  twenty-five.  87  per  cent.;    twenty-six  I 
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thirty-five,  99  per  cent. ;  thirty-six  to  forty-five,  90  per  cent. ;  forty- 
six  to  fifty-five,  84  per  cent. ;  fifty-six  to  sixty-five,  70  per  cent. ;  sixty 
six  and  over,  66  per  cent.  The  drop  at  the  period  of  adolescence  ii 
very  interesting  {see  page  222). 

Of  the  FEVERS,  typhoid  after  the  twenty-fifth  year  is  accompaniec 
by  a  transitory  albuminuria  (febrile)  in  30  per  cent,  of  the  cases,  an( 
a  persistent  albuminuria  in  about  30  per  cent.  One  would  expec 
this,  since  the  fever  is  so  continued  and  bacilluria  is  common  (abou 
one-third  of  all  cases).  Yet  as  a  disease  in  the  past  history,  typhoii 
fever  strangely  enough  seems  to  have  the  least  effect  on  the  kidneys 
notwithstanding  that  it  has  a  deleterious  influence  on  the  pcriphera 
biood-vessels. 

Malaria  of  the  tertian  and  quartan  types  has  little  effect  on  the  kid 
ney,  asstivo-autumnal  much.  Pneumonia  has  the  highest  percentag 
of  transitory  albuminuria  of  all  the  fevers  we  studied  (but  about  2, 
per  cent,  of  the  cases  are  albumin-free),  but  almost  no  permanen 
effect.  Pulmonary  tuberculosis  and  acute  articular  rheumatism  caus 
little  febrile  albuminuria.  Of  the  afebrile  diseases,  the  neuras 
thenics  are  the  best  off ;  the  arteriosclerotics  the  worst.  In  fact,  thi 
disease,  arteriosclerosis,  seems  the  one  dominating  element  among  th 
causes  of  albuminuria. 

The  relation  between  the  anatomical  lesions  and  urinary  finding 
was  studied. 

Cases  with  marked  cloudy  swelling  at  autopsy,  but  no  othc 
lesion,  as  a  rule  have  had  an  albuminuria,  usually  slight,  extending  fo 
two  or  three  weeks  before  death,  but  in  a  few  cases  none  even  the  day 
before  death.  Casts  are  also  present  with  albumin,  usually  hyaline,  bu 
also  waxy,  epithelial,  and  blood. 

Fattv  kidneys  (no  other  microscopical  changes)  are  seen  ii 
various  diseases,  and  have  been  divided  into  those  with  fatty  infiltra 
tion  and  fatty  degeneration  :  the  former  occurring  in  diabetes  mellitus 
pregnancy,  etc..  the  latter  in  various  infectious  diseases,  cachexias 
anemias,  and  following  various  poisons. 

The  amount  of  urine  is  usually  normal,  although  in  some  sever 
cases,  decreaseil :  aibumin  is  ])resent  in  various  amounts,  a  trace  o 
much,  and  a  relatively  large  number  of  casts,  hyaline,  granular,  fattv 
and  epithelial ;  with  few  or  many  red  corpuscles. 

All  of  our  cases  exaniinetl  had  excreted  albuminous  urine  before  death,  bu 
in  no  case  exceeding  two  weck^.     Hyaline  and  granular  casts  were  present. 

The  urine  of  kidneys  with  chronic  passive  congestion  is  at  firs 
scanty,  dark  in  color,  very  acid,  the  specific  gravity  between  1025  an< 
1030.     The  urate  sediment  is  often  abundant.     Urobilin  and  uro 
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trrthrtn  are  increased  and  sometimes  bilirubin  is  present.  Sooner  or 
Iiitr  aibiimin  appear-i  in  traces,  later  in  good  amount,  even  o.i  per 
otat,  and  in  one  of  our  cases  0.6  per  cent.  Casts  are  present,  cliicfiy 
hpiine,  rarely  granular.  Yet  here  also  on  some  days  casts  may  be 
prestnt  in  great  numbers,  hyaline,  waxy,  epithelial,  and  fatty.  A 
iw  few  leucocytes  may  be  foimd  and  slill  fewer  red  cells.  The 
pomn  of  importance  in  this  urine  are  the  small  amount  of  albumin, 
tiiebrge  urate  sediment,  the  absence  of  renal  epillielium.  the  scarcity 
pf  granular  casts  and  leucocytes.  The  diagnosis  of  nephritis  had 
bttnmade  in  over  half  the  cases. 

Acute  Nephritis. — Acnte  nephritis  has  been  divided  into  several 
groups,  chiefly  from  the  stand-point  of  pathology,  but  for  the  clinician 
i  division  is  very  difficult.  Senator  separates  the  tubular  nephritis  or 
»cule  parenchymatous  from  the  acule  diffuse.  In  the  acute  parcnchy- 
mOcnu  the  lubuics  especially  arc  involved,  and  the  glomeruli  little  so, 
or  not  at  all.  The  clinical  symptoms  are  slight  if  any.  The  urine 
ilioH-s  only  a  slight  febrile  albuminuria,  a  diminished  amount  of  urine 
o(  rather  high  specific  gravity,  and  few  or  no  casts.  From  this  form 
Jirall  gradations  to  the  acme  diffuse  nephritis.  The  urine  contains 
ofttn  3  heavy  sediment,  diicfly  of  renal  epithelium,  and  hence  the 
unw  "  nephritis  dcsquamativa."  The  epithelial  cells  may  be  single 
w  b  casts.  Hyaline  casts,  few  or  many,  are  present.  Crystals  of 
VK  acid  and  calcium  oxalate  arc  often  present,  red  blood-corpuscles 
*nd  hemoglobin  in  gratmlar  casts  or  masses.  The  leucocytes  are 
ujually  few  in  number.  The  albumin  is  nearly  always  slight  in 
""lounl,  in  remarkable  contrast  to  the  amount  of  sediment,  and  some 
cltJiDtliat  nearly  all  of  it  is  nucleo-albiimin  from  the  cells. 

In  the  acute  diffuse  nqihritis,  a  good  illustration  of  which  is  that 

follou'ing  scarlet  fever,  the  clinical  symptoms  arc  much  more  severe. 

TV  urine  is  diminished  in  amount,  there  may.  indeed,  be  anuria  for 

">e  first  twenty-four  hours.    I'rom  50  to  100  cc.  for  the  first  day  or  so 

u  Hot  uncommon,  but  later  from  200  to  500;    specific  gravHty  high, 

ntn  1030.    Toward  death  there  may  be  a  diminished  or  an  increased 

iDKnint  voided.    The  specific  gravity  was  normal  as.a  rule,  1015  to 

1017.  but  in  some  cases  high,  from  loajj  to  [025  ( when  the  urine  was 

from  300  to  600  cc).     It  is  usually  of  a  dark  color  and  cloudy.     In 

iwy  mild  cases,  however,  it  may  appear  nonnal.      Blood  is  nearly 

ahvays  present.    When  slight  in  amount  it  imparts  to  the  urine  a  slight 

smoky  tinge,  which  may  be  recognized  grossly.      When  larger  in 

amount  the  urine  may  have  a  reiidish-brown  or  a  brownish  or  even  a 

chixniale  color.  accor<Iins  <o  the  pmportion  that  i-;  present  Ik-Iw 

hiemogloljin  and  methxnioglubiu,    .Mbuniin  is  an  almost  constant  fi 

litre,  and  yet  in  some  fatal  cases  there  may  be  but  traces,  and 

only  on  a  few  days,  and  alternating  with  periods  ol  none,  c' 
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death.  Scrum  albumin  and  serum  globulin  arc  present.  Il  many  eel 
are  present  in  the  sediment  a  certain  aniount  of  True  nucleo-albiim; 
may  be  expected.  Albuniose  is  also  present,  and  in  sonic  cases  is  tl 
only  protcid  found.  The  reason  fur  this  is  not  known.  It  may  c! 
plain,  however,  ihe  cases  described  as  albnmin-free.  the  cxamin< 
using  only  a  heat  lest,  which  did  not  prccipilatc  the  albumose.  As 
rule,  the  albuniin  is  nut  above  i  per  ceni.,  and  the  globulin  percental 
is  relatively  high.  In  the  seilimenl  may  always  be  found  red  Woo 
cells,  mononuclear  cells,  few  ijoUnuiclcar  leucocytes,  and  epithelial  eel 
from  the  urinary  tubules,  which  are  present  singly  or  in  masses,  ai 
often  very  fatty.  Among  the  crystals  uric  acid  and  calcium  oxala 
are  found,  and  hxmoglobin  cither  in  amorphous  granules  or  in  cast 
In  the  hctnorrhagic  form  of  the  disease  in  our  series  the  red  bloo 
cells  were  evidently  remarkably  few  in  number.  The  leucocytes  we 
very  abundant  in  one  case  of  acute  nephritis  with  multiple  abscessi 
Casts  are  present  in  varying  numbers,  and  may  be  of  any  form ;  q 
thelial,  hyaline,  and  coarsely  granular  will  predominate,  blood  31 
leucocyte  casts  may  al.so  be  present.  As  a  rule,  the  number  runs  ps 
allel  to  the  amount  of  albumin,  yet  it  varies  greatly  from  day  to  da 
and  nn  some  days  may  Ite  enormous.  In  one  case  of  acme  hcniorrlia| 
ne])hritis,  with  areas  of  complete  necrosis,  the  amount  of  albumin  w 
slight  but  the  casts  in  large  numbers,  leucocyte  and  granular.  In  o 
case  of  general  sqrtica-mia  the  aUnunin  was  hut  in  traces  on  ccrta 
days,  none  on  others,  and  yet  blood,  hyaline,  and  leucocyte  casts  we 
found. 

During  the  course  of  an  acute  attack  of  nq>hritis  the  kidney  shoi 
every  symptom  of  renal  insufficiency.  The  nilmgeii  output  is  dinii 
ished.  not  iluc  to  the  diet  alone.  The  chlorides  and  the  phospliaf 
are  diminished,  and  hence  the  molecular  concentration  is  less  than  m 
mal.  The  uric  acid  output  is  atKiut  nonnal,  that  of  the  .vanthin  bas 
is  said  to  be  increased.  Tlie  ability  of  the  kidney  to  form  hippui 
acid  is  diminished,  and  the  glycosuria  after  phlorizin  is  either  slig 
or  alwent.  In  mild  cases  and  in  severe  ones  as  they  improve  the  uri 
approaches  nonnal.  It  h  said  that  the  albumin  disappear^  last,  b 
we  believe  the  c.^^ls  are  oficn  fmiml  later. 

NephriiiB  HsBRioglobinurica. — In  acute  nepliritis  the  amount  of  hxir 
globin  in  the  urine  may  be  much,  the  number  of  red  blood-cells  few 
none.  In  certain  cases  this  is  Ihe  cause  of  the  nephritis,  in  others 
symptom,  'llie  former  is  true  in  cases  with  blond  destruction  due 
poisons,  bums.  etc.  During  infectious  diseases  the  hxmoglobinui 
may  Ik:  secondary,  or  lioih  that  and  the  nejihritis  due  to  the  same  tau 
Such  is  foimd  in  typhoid  fever,  scarlet  fever,  malaria,  VVinckel's  d 
ease  of  the  new-born,  and  other  conditions.  This  form  of  nephri 
differs  from  pure  haemoglobinuria  by  the  greater  amount  of  albuir 
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and  the  richness  uf  ilic  sediment  in  casts,  renal  epithelial  cells,  Icu- 
eocyies,  and  uric  acid  crj-stals. 

Acme  NcphriiU  of  Cholera. — This  form  is  said  to  be  a  peculiar  type 
of  a  pure  parcncliyniaious,  especially  the  tubular  variety.  The  urine  is 
diminished  even  to  anuria  for  from  five  to  seven  days  even.  It  is 
vtry  rich  in  salts  and  may  have  a  \argf  urate  sediment.  Albumin  is 
(irtseiit  in  relatively  larger  aiimunts  tlian  in  the  other  forms  of  paren- 
dij-maious  nephritis.  The  urine  is  dark  and  cloudy,  rarely  bloody 
Hyaline  and  granular  casts  are  present:  reuai  epithellinn.  red  blood- 
cells,  leucocytes,  uric  acid  and  c.ilciuni  oxalate  crystals.  The  urine  is 
also  characterized  by  its  richness  in  the  ctbereal  sulphates.  Diacctic 
Kid  11  often  present  and  ammonia  is  increased.  In  one  case  after  an 
^inoria  of  fifteen  days  the  person  recovered.  The  condition  of  the 
oriiie  improves  much  during  the  stag*  of  reaction. 

The  Nephritis  «yphJlitica  acuta  praecox  is  sometimes  marked  by  the 
immense  amount  of  albuniin  present,  in  one  case  (HolTmann  and  Sal- 
ItfjHsfci)  8.5  per  cent.     'J'he  urine  coagulated  solid.     There  was  very 

Ililtlc  sediment,  few  casts,  leucocytes,  or  blood-cflls. 
Subacute  Nephritis.  Chronic  Parenchymatous  Nephritis.  Chronic 
Diffuse.  Non-Indurative  Nephritis.  Large  White  Kidney. — This  form 
of  sulwcute  nephritis,  winch  may  follow  an  acute  attack  or  develop 
B'ilhout  this,  is  characterize(l  by  its  subacute  course,  usually  fatal 
within  two  years,  ami  by  the  large  amount  of  redana  and  effusions  in 
llie  serous  sacs  usually  present.  It  occurs  especially  in  young  persons, 
hird  workers  in  exposed,  unhygienic  surrovHiilings;  as  a  result  of 
oonstilutional  <liseases,  tuberculosis,  lues,  malaria;  also  alcohol.  The 
iHagnosis  is  usually  easy  from  the  history. 

The  amount  of  urine  is  always  diminished,  the  diminution  vary- 
ing as  the  <e<lenia.  and  especially  at  death.  .\t  the  height  of  the  dis- 
ease it  varies  from  about  250  to  500  cc.  as  the  case  improves,  how- 
ever, it  increases,  and  if  the  patient  be  encouraged  to  drink  he  may 
void  from  5  to  6  litres  of  a  very  dilute  urine.  The  amount  also  is 
increased  as  the  crdema  or  the  effusions  begin  to  absorb.  The  specific 
gravity,  varying  inversely  as  the  amount,  is.  as  a  nile.  almost  normal 
or  slightly  increased,  in  some  cases  reaching  1040.  Tlic  reaction  is 
faintly  acid,  but  in  some  cases  alkaline  even  on  voiding,  and  in  all 
cases  it  quickly  becomes  so.  This  makes  a  search  for  casts  ilifficidt. 
flffhe  color  is  from  a  pale  green ish-ycl low  to  a  rodHish  or  3  reddish- 
^^own.  clou<ly  as  a  rule  from  the  large  amount  of  sediment,  and 
foaming  easily  on  shaking  because  of  die  amount  of  albumin  that  is 
present. 

This  is  the  form  in  which  the  albumin  is  very  large  in  amount.  l«iih 
relatively  and  absolutely.  The  amount  varies  as  the  specific  gravity, 
roughly,  and  seems  to  hear  no  relation  to  the  ccdema.     It  sek 


2»l 


CI.IMICAL  DUGNOSIS 


reaches  i  per  cciil.,  althougli  for  niontlu  it  may  vary  from  0.4  to  0.8 
per  cent.  In  certain  cases,  however,  it  is  greater.  As  tlic  case 
changes  to  the  chronic  indurative  fonn  the  aniuuiit  of  albumin  be* 
conies  less  and  less.  Cases  of  2  i>er  cent,  are  rare,  and  Bands  has 
reported  a  case  which  varied  from  4  to  6  per  cent.  The  albumin 
(juoticnt  vnrtc>  much.  Niicleo-albumin  is  present  in  small  amounts, 
aiso  the  albumoscs. 

The  urea  is  somewhat  diminished,  c\en  when  there  is  nnicli  drojjsy. 
The  uric  acid  varies  somewhat  less  than  the  urea,  and  is  excreted 
wiiliin  normal  limits.  Tlie  ammonia  is  normal.  There  is  a  certain 
retention  of  chlorine  and  pbosjihoric  acid. 

The  sethmcnts  are  much  the  same  as  in  acute  nephritis,  but  it  is 
more  connnon  to  find  coarsely  granular,  fatty,  and  waxy  casts.  Red 
blood-cells  may  practically  always  be  found,  in  especially  large  num- 
bers in  the  aciUe  exacerbations.  There  is  little  difference  Ijclwecn  the 
urine  of  ihe  while  and  the  mottled  kidneys  except,  perhaps,  in  the 
latter  there  are  more  red  blood-corjmscles.  leucocytes,  and  fatty  cells. 

Functiunallv  the  kidnevs  are  somewhat  insufiicicnt,  and  vet  in  the 
severe  cases  lliey  do  their  work  fairly  well.  This  is  thought  to  be 
due  to  the  fact  that  the  disease  atLicks  certain  successive  parts  of 
the  kidney,  and  that  while  one  jmrt  is  inflamed  the  other  parts  can 
comjiensate. 

One  would  expect  that  a  glomerular  involvement  would  affect  (wr- 
licularly  the  amomit  of  albumin,  the  tubular  involvement  especially  the 
number  of  casts,  and  while  in  general  this  may  l)e  true,  clinically  it  is 
of  little  importance,  since  the  two  anatomical  conditions  arc  always 
present  and  varialtons  lietween  lliem  !>ut  slight. 

Except  in  young  persons  with  a  good  past  history,  the  diagnosis 
cannot  he  made  wilhont  an  auti>|)sy.  since  an  acute  exacerbation  of  an 
unsuspected  chronic  case  will  show  similar  clinical  features  and  very 
similar  urine,  yet  at  autopsy  small  ciittraclctl  kidneys  l)c  found. 

Chronic  Indurative  Nephriti* — A  subdivision  of  thi-s  form  is  ex- 
ceedingly difficult :  in  fact,  the  size  and  color  of  the  kidney  arc  almost 
the  only  criteria,  since  all  its  histological  elements  are  affected  in  nearly 
every  case  by  degenerati\e,  inflammalorj-,  nr  regenerative  processes. 
A  somewhat  related  form  of  nephritis,  "  senile  atrophy."  is  of  almost 
physiological  occurrence  in  every  elderly  person,  the  kidney  becoming 
old  and  therefore  slightly  sclerotic  with  the  rest  of  the  Ixxly.  In  fact. 
in  men  above  middle  life  Dr.  Osier  emphasizes  the  fact  that  the  cor- 
tex is  never  perfectly  normal — always  a  few  sclerotic  glomeruli  and 
a  very  slight  increase  of  connective  tissue  may  lie  found.  If  the 
process,  however,  is  simply  sclerosis,  there  shmdd  be  no  urinary 
symptoms,  and  hence  such  cases  are  not  suspected  Iwfore  the  autopsy. 
As  3  result,  however,  of  harrl  work,  various  diseases,  cout.  lues,  and 
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certain  poisons,  lead  ami  alcoho),  iiitUniinalur)'  processes  develop.  The 
rtiull  in  SLich  a  kidney  is  the  degeneration  of  the  epithelial  elements, 
3iuJ  iiHianimaiion  rcMiUing  in  new  gruwih  of  conntclivc  tissue  wliich 
may  be  general  or  focal,  siihcoriical  or  periglomenilar.  The  kidney 
becomes  hard  and  firm,  diminishes  in  size,  .ind  is  finally  but  a  rcninant 
of  an  organ.  In  some  cases  we  find  contracted  kidney-,  at  autopsy 
wliieh  could  not  possibly  have  been  rccog;ni7.ed  from  the  urine.  These 
iliowtiiat  a  nephritis  limited  to  ft>ci  can  heal.  In  all  such  cases,  how- 
eiw,  if  it  be  the  sclerotic  process  which  predominates,  there  may  lie 
practically  no  urinary  symptoms,  and  at  autopsy  kidneys  of  suq>ris- 
ingly  .H>mall  sixe  may  be  found.  Other  case*  are  the  result  of  a  pre- 
ceding acute  or  sub.-ictiie  neiihritis. 

Tlie  only  classification  which  can  be  made,  apart  from  the  weight 
of  the  kidney  and  ihe  thickness  of  its  cortex,  is  in  its  color,  and  hence 
Ihe  division  into  the  red  and  the  white  kidney,  the  red  kidneys  being 
llie  result  particularly  of  arteriosclerosis  as  a  primary  factor.  The 
red  kidneys  arc  large,  firm,  beefy,  the  sclerosis  is  considerable,  and  yet 
the  fize  of  die  kidneys  is  selilom  as  much  diminished  as  in  the  while 
fonii.  In  all  cases  it  should  be  borne  in  mind  that  arteriosclerosis  will 
'«  present,  in  some  as  the  cause  of  the  renal  trouble,  in  others  as  the 
'«iilt.  In  a  third  group.  Ix>th  the  renal  and  ibe  arterial  diseases  are 
line  to  the  same  cause.  Tlie  process  may  be  local,  one  kidney  affected 
inore  than  the  olher. 

Chronic  interstitial  nephritis  in  its  advanced  forms  i»  marked  by 
ilj  very  insidious  onset.     Its  only  symptom  may  \x  a  slight  albu- 
tniliurta.  and  this  absent  over  long  periods.     Later  the  albumin  be- 
ts  permanent,   casts  appear,   and   later  polynri.i.     The   urine   is 
'increased  slightly  at  first,  but  in  a  well-developed  case  from  2  to  3 
(litres  are  voided  daily,  and  rarely  even  as  high  as  i,;  litres.    On  the 
ither  hand,  it  may  at  times  sink  to  normal  or  even  under.     It  is  pale, 
clear,  definitely  acid,  and  of  a  siiccific  gravity  which  is  constantly  be- 
tween loio  and  1005.    This  low  specific  gravity  in  a  mnrning  urine  is 
always  significant  of  this  condition.     The  molecular  concentnition  is 
diminished.     The  albumin  seldom  rises  above  0.05  per  cent.,  and 
usually  is  in  mere  traces.     It  is  often  absent  in  the  moniing  voiding, 
and  may  indeed  be  present  only  after  a  day  of  unusual  exercise  or  an 
especially  hearty  meal  or  some  unusual  excitement. 
H       On  the  olher  hand,  hyaline  casts  can  usually  lie  found  on  long 
Bccntrifiigaligation,     Red  blood-cells  are  very  common,  sometimes  hre- 
nuturia.    There  is  often  a  dcsf|uamatii)n  of  the  e|)ithelium  cells  of  the 
^ract.  giving  a  cloudy  urine  resend>ting  cystitis. 

0  In  the  merioaclcrotic  kidneys  Ihe  urine  contains  albumin  which  oc- 
curs late  and  is  often  intermittent.  Cases  of  the  so-called  "  contract'  ' 
kidneys  with  albumin-frce  urine"  belong  here,  and  yet.  a^  a  wV 
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the  albiimiii  is  more  constant  and  uf  larger  amount  than  in  the  pre- ' 
cvding  fonii.    In  tlicsc  cases  it  is  the  casts  wliicti  disappear  lirst,  in  the 
former  the  allnmiin,  leaving  a  cylimtnina.     No  albumin  is  odcn  seen  in 
the  primary  contracted  kidney;  ulbnniin.no  casts,  in  the  arteriosclerotic. 

The  urea  is  normal,  the  nitrogen  normal,  but  the  percentage  of 
the  various  nitrogenous  bodies  may  vary  somewhat,  in  urainiia  lite 
ammonia  rising  at  the  expense  of  the  urea.     Uric  acid  is  low  and' 
the  xamhin  bases  arc  increased.     The  various  tests  for  the  func- 
tional activities  of  the  kidneys,  for  instance  the  methylene  blue  and 
the  KI  test,  sometimes  indicate  a  pathological  condition  and  somelimea 
none.    The  sc<limcnt  is  scanty  and  difiiciilt  to  find.    The  urine  should 
be  centrifugalized  and  search  made  over  large  amounts  of  urine. 
After  a  long  search  but  one  or  two  casts  may  be  foun<l.    These  art 
usually  hyahne,  although  sometimes  a  finely  granular.     Renal  epithe- 
lium is  sometimes  found;  a  few  leucocytes;    rarely  a  red  cell,  and  yet 
many  after  overexertion,  etc.    Uric  acid  and  calcium  oxalate  crystals 
are  common.    It  is  in  this  form  that  the  focal  character  of  the  ncphriiti 
is  marked,  hence  the  urine  secreted  by  both  the  normal  and  diseased 
tissue  presents  the  above  mixed  characteristics. 

During  acute  exacerbations  the  urine  may  lose  this  character  en- 
tirely, ami  it  be  very  diflicult  to  distinguish  from  a  more  acute  form 
of  nephritis.  It  is  well  to  examine  the  morning  and  the  evening  urines 
separately,  and  especially  after  a  day  with  a  particularly  hearty  meal 
or  severe  exercise.  And  yet.  on  the  whole,  the  nrine  in  this  condition 
rcscmhlcs  that  found  in  other  conditions  so  nearly  that  the  clinical 
history  and  the  physical  examination  of  the  patient  cannot  he  dis- 
pensed with.  Tlic  urine  alone  rciembles  that  of  acute  or  the  subacute 
nephritis  during  convalescence,  wa.xy  kidney,  and  the  cyclic,  or  the 
so-caik'd  physiological  albuminurias. 

Amyloid  degeneration  niay  be  superimposed  uixjn  any  fonn  ol 
nephritis  of  which  it  really  forms  no  part.  When  alone,  the  urine 
is  said  to  lie  normal.  In  the  majority  of  cases  the  condition  could 
not  be  suspected  from  the  urine,  although  given  a  case  with  iiistotyi 
and  phyriical  signs  indicating  it.  and  the  urinary  changes  may  Ik:  well 
explained.  Without  the  clinical  features  the  urine  would  suggest, 
when  concentrated,  chronic  passive  congestion;  when  dilute,  small 
contracted  kidney.  The  classical  description  of  the  urine  is  an  increase 
in  amount,  it  being  pale,  clear,  faintly  acid,  of  a  low  specific  gravity, 
1005  to  iota,  abutiflant  albumin  as  a  rule  with  relatively  much  globu- 
lin, and  very  few  casts.  This  picture  of  Traube,  however,  is  rare.  The 
albimiin  may  be  little  or  none,  and  the  casts  numerous.  These  are 
often  fatty.  The  large  mnnlwrs  of  casts  which  may  occur  here  are , 
not  at  all  dislinclivc.  Renal  epithelium  is  rare,  red  blood-corpuscles 
extremely  so. 
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UrKmia. — Urwiiiia  may  be  considered  tlie  liigliest  expression  of 
ttnal  insiifliciency.  but  this  is  i«>l  a!!,  CoinpCTisaMry  changes  <Kcur 
in  llie  kiilney,  am)  tlie  body  may  became  tolerant  tu  llie  tuxiiws, 
tthstever  they  may  be.  Ffir  this  reason  it  is  more  common  in  acute 
than  in  chronic  nephritis,  in  which  latter  case  the  Imdy  has  adapted 
itself  to  the  condition,  Ftir  these  reasons,  also,  it  is  easily  tiiiderstood 
ihil  the  urine  shonid  show  no  evidence  nf  an  oncoming  or  present 
uremia,  for  only  functional  activity  can  be  tested  and  that  imperfectly ; 
rtsBtance  never. 

But,  on  the  other  hand,  it  is  of  interest  that  in  cases  of  anuria 
due  to  calculus  or  removal  of  the  single  kidney,  nriemia  and  death 
nay  not  follow  for  ten  to  fourteen  days.  goo<l  evidence  that  the  reten- 
l)On  of  urinary  constituents  is  not  alone  enough  to  explain  the  condi- 
lion  in  urxniia  of  nephritis  without  nutcli  demonstrable  retention. 

We  have  abstracted  the  histories  of  96  cases  of  nephritis  with 
unrmia.  Of  the  54  cases  in  which  the  first  symptom  of  the  nephritis 
dated  back  less  than  six  months,  42  died.  Of  the  35  cases  with  an 
old  history  of  nephritis.  29  died.  Senator  states  that  the  amount  of 
wine  is  diminished  or  there  is  even  anuria,  rarely  does  this  fail,  and 
more  rarely  is  there  polyuria  at  the  onset.  The  total  nitrogen  is  in- 
eteasetl  often,  but  the  greatest  interest  for  ns  at  this  point  is  the  value 
in  such  cases  of  urea  dclcnninalions  made  by  the  Dorcnius  method. 
We  will  not  here  discuss  the  method  itself.  It  has  been  used  almost 
<Iaily  as  a  routine  in  all  severe  cases  of  nephritis.  In  only  eight  of 
these  cases  of  urxmia  was  iifca  detennination  of  possible  value  indi- 
cting either  its  onset  by  a  drop  or  the  improvement  of  the  case  by  a 
we.  These  may  follow,  be  coincident  with,  or  may  precede  the  change 
'"  the  symptoms.  -\s  the  latter  was  true  in  but  two  cases,  it  is  seen  how 
my  rarely  it  is  that  the  oncoming  ur»mia  can  be  foretold  by  the  urea 
■Jeicrminalion,  Of  course,  in  cases  of  nephritis,  as  in  all  contlitions,  the 
amount  of  nitrogen  eliminated  depends  chiefly  on  the  amount  of  food. 
sn<i  cases  with  impending  urjemia  eat  poorly,  and  during  urxmia  none 
»\\.  while  the  rise  as  the  case  improves  may  be  partly  due  to  the 
nicreased  amount  of  food.  The  absolute  amount  is  of  no  value.  The 
<}ue5tton  is.  Does  its  cur\'c  rise  or  fall?  It  falls  no  lower  in  ura:mia 
Ifun  in  cases  of  nephritis  without  it. 

lliere  were  13  cases  during  urn?mia  with  the  urea  under  1  per  cent. 
We  have  dealt  with  jjercentagcs  since  it  is  almost  impossible  to  get  a 
full  twenty-four  liours"  amount  in  such  cases.  Of  these  13  cases,  the 
average  was  0.74  jwr  cent.:  in  one  case  no  urea  could  In-  dctennincd. 
iniitiiiig  exirenio.  in  9  cases  the  urea  varied  from  0.6  to  0.9  per  cent., 
average  of  0.8  per  cent. 

J]  cases  in  which  the  urea  was  no  help  at  all  it  varied  at  th* 
of  the  convulsions  from  0.9  to  3  per  cent.,  an  average  of 
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a  mean  of  1.4  per  cent.    The  rise  in  urea  in  cases  with  improvement 

is  striking. 

In  123  cases  of  nepliritis  without  uraemia  and  without  much  poly- 
uria, in  33  per  cent,  the  urea  was  at  limes  at  or  under  i  per  cent.  In 
eighteen  fatal  cases  the  urea  at  death  varied  from  0.3  to  3  per  ceni., 
a  mean  of  1,2  per  cent.,  an  average  of  1.4  per  cent. ;  that  is,  exactly 
the  same  as  in  the  above  ursemic  cases. 

Urajmia  may  occur  in  any  variety  of  nephritis,  and  with  albumin 
present  from  a  trace  to  a  large  amount.  It  is  interesting  how  little 
this  striking  clinical  crisis  is  evidenced  in  the  urine. 

One  group  of  ten  cases  was  interesting,  since  if  improvement  in 
condition  be  indicated  by  a  diminution  in  albumin  and  casts  with  the 
same  output  of  water,  then  uraemia  may  improve  a  case  for  a  while 
at  least.  This  of  course  may  not  always  even  suggest  impro\-ement, 
since  in  two  the  urea  diminished  with  the  albumin  and  casts,  but  in 
four  it  increased. 

In  eight  cases  of  terminal  uraemia  the  albumin  increased  in  all. 
In  one  case  of  uraemia  with  a  trace  of  albumin  on  the  day  before  and 
the  day  following,  on  the  day  of  the  convulsions  there  was  a  large 
amount  with  a  great  number  of  casts. 

In  eclampsia  the  urinary  features  are  similar  to  uraemia. 

The  temporary  but  extreme  albuminuria  occurring  then  is  quite 
striking.  In  a  recent  case  in  Dr.  Williams's  ward  the  albumin  at  10 
A.M.,  March  6,  contained  0.653  P^""  *^^"^-  albumin.  The  woman  was  in 
the  first  stage  of  labor.  Convulsions  occurred  then.  The  urine  till  5  p.m. 
of  that  day  contained  1.23  per  cent.;  that  collected  till  9  p.m.,  O.19 
per  cent. :  at  midnight,  0.075  P^""  cent. ;  3  a.m.,  0.025  P^r  cent. :  and 
March  7.  merely  a  trace.  Thai  is,  in  about  twelve  hmirs  the  output 
had  decreased  from  1.20  per  cent,  to  almost  the  vanishing  point. 

In  another  case  the  total  albumin  was  0.4678  gins,  per  100  cc. 
and  the  globulin  0.16  gms.  per  too  cc.  (34  per  cent.).  In  still  another 
case  there  were  18  gms.  of  albumin  per  litre,  a  multitude  of  casts  and 
renal  epithelium,  yet  at  autopsy  no  evidence  of  severe  trouble. 

Unilateral  Xepiiiutis. — In  our  series  with  autopsy  no  cases  of 
this  description  occurred.  Of  90  cases,  in  at  least  30.  or  6  per  cent, 
there  was  considerable  ine([uality  in  size  of  the  two  organs,  yet  in  all 
but  three  cases,  or  0.6  per  cent,,  these  were  large  kidnej-s.  In  these 
lliree  cases  the  combined  weights  were  155.  190,  and  205  gnis.,  and 
the  difference  in  weight  between  the  two,  respectively  45,  50,  and  65 
gms.  In  a  very  interesting  case  at  operation  was  found  unilateral 
suppurative  nephritis. 

Renal  AxRorHV. — This  may  be  due  to  insufficient  blood-supply, 
to  cachexia,  the  anreniias,  and  especially  to  advancing  age,  the  "  senile 
atrophy."    It  is  never  great  in  ainount.    There  are  seen  microscopically 
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l^ftosed  glomeruli.  I>ut  no  grcai  iticrcaM;  in  connective  tissue, 
urine  is  practically  normal,  and  without  albumin. 

Congenital  Cystic  Kidney — The  urine  in  this  very  rare  condition 
nay  be  iiumial,  or  show  the  picture  of  the  chronic  iiiicr-.ntial  iiei>hritis 
with  Miiall  coutracied  kidney.  The  amount  of  urim;  is  increased,  the 
ijeeific  gravity  low,  with  or  without  a  trace  of  albumin,  often  much 
UixhI.  Tlie  contents  of  these  cysts  arc  rather  interesting,  being  n"t  at 
illunifonn,  and  in  the  same  kidney  different  cysts  may  have  dilTerent 
toaients;  soniclinies  clear,  watery,  almost  colorless,  or  milky  or  col- 
loidiJ:  sometimes  containing  urea,  even  in  large  amounts,  or  uric 
uid.  sometimes  none.  Often  cholesierin  crystals:  rolloid  or  proteid- 
lilte  masses,  rosette  masses  which  resemble  leiicin  have  been  described. 
Suppurative  Nephritis. — In  such  cases  we  have  the  ordinary  symp- 
Imw  111  acute  nephritis  wiih  albumin  of  varying  amounts,  but  only  a 
fm  CMls.  In  the  sediment,  however,  in  one  case  there  were  a  great 
nwiiy  red  blood-cells  and  leucocyte;!.  In  the  olher  cases  ibere  seem  in 
have  been  very  (cw  leucocytes.  When  many,  the  urine  will  be  alka- 
line.   Very  rarely  fragments  of  renal  tissue  have  Ijcen  found. 

Dr.  Kelly  had  rccenily  on  his  scn'icc  a  remarkable  case  of  uni- 
lateral suppurative  nephritis. 

In  cases  of  pundcnt  nephritis  the  amoimt  of  pus  which  is  found 
may  be  dis3pi>oiiuingly  small  since  ihe  kidney  wilh  ihe  abscess,  either 
aj  a  whole  or  in  the  affected  part,  may  excrete  no  urine.  In  the 
nietaitalic  renal  al)sccsses  there  arc  no  urinarj-  symptoms  as  a  rule. 

Cancer  of  the  Kidney. — ^H,Tmaturia  is  often  an  early,  even  the  first, 
lymplom.  It  occurs  in  over  one-half  of  the  cases,  and  is  the  first 
5jinpiom  in  one-fourth.  It  may  be  from  a  vcrj-  slight  trace  to  a  fatal 
limiorrhage.  intermittent  or  of  long  duration,  the  blood  fresh  or 
ilccomposcd,  and  clots  even  of  large  size  may  be  voided.  Otherwise 
the  urine  is  practically  normal. 

Tuberculosis  of  the  Kidney, — In  a  general  miliary  tuberculosis 
liVre  arc  no  uiinary  symptoms  as  a  rule,  an<l  when  present  arc  not  due 
to  llie  tuberculosis  alone.  In  tuberculosis  of  the  pyramids,  in  which 
Case  it  is  common  to  have  large  caseous  masses  which  break  down  and 
leave  a  cavity,  the  so-catled  "  renal  phthisis,"  the  urine  is  similar  to 
that  in  pyelonephritis.  If  it  be  the  pelvis  which  is  involved,  caseou* 
matter  may  be  found  in  the  urine.  If  the  pelvis  be  normal  there  n 
be  no  urinary  changes.  The  very  early  polyuria  with  or  withfM  ' 
mtnuria  is  an  interesting  feature.  H.-ematuria  may  be  the 
torn,  and  was  present  in  eight  of  the  seventeen  cases 
clinic  which  were  reported  by  Dr.  Walker,'"'  This  is  ea 
first  symptom,  not  great  in  amount,  and  may  continue 
It  is  present  both  day  and  night,  and  bears  no  relation  Ii 
"•Johns  Hopkins  Hosp.  Rq^.  voL  xH. 
19 
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of  the  patient,  hence  differs  from  that  due  to  calculus.  On  the  other 
hand  it  may  be  so  severe  as  to  be  a  serious  feature.  Pus  was  present 
in  fifteen  of  the  seventeen  cases,  in  little  or  large  amount  according  lo 
the  position  of  the  cavity.  Blood-clots  are  common;  tissue  detritus 
and  masses  about  the  size  of  a  grain  of  sand  occur,  and  in  them  are 
found  tubercle  bacilli  and  elastic  tissue.  These  were  present  in 
nine  of  the  seventeen  cases.  Albumin  was  present  in  sixteen,  and 
casts  in  six  of  this  series.  On  the  other  hand,  the  urine  may  for  days 
be  perfectly  normal,  and  then  present  ai!  the  above  mentioned  features, 
the  reason  being  that  during  this  period  no  urine  was  excreted  by  the 
diseased  side. 

In  general,  it  may  be  said  that  in  all  cases  of  hzematuria  and 
pyuria,  especially  with  acid  urine,  tuberculosis  of  the  kidney  should  be 
excluded.  For  diagnosis  the  tubercle  bacilli  must  themselves  be  found. 
But  even  this  is  not  enough,  since  there  is  much  evidence  for  the  Cohn- 
heim  idea  of  the  "  excretion  "  of  these  bacilli  through  a  practically 
normal  kidney,  hence  tuberculosis  of  other  organs  must  also  be 
excluded.  If  the  disease  remain  hmited  to  the  parenchyma  of  the 
organ  the  entire  kidney  may  be  destroyed  and  yet  be  unsuspected. 

In  infarction  of  the  kidney  there  is  usually  a  preceding  nephritis. 
In  the  sediment  red  blood-ceiis  are  usually  present,  but  marked  hema- 
turia is  rare. 

In  cases  of  bilateral  infarcts,  there  may  be  oliguria,  even  anuria. 
An  intense  albuminuria  with  sudden  onset  and  rapid  disappearance 
and  no  abnormal  sediment  is  a  very  suggestive  feature. 

Pyelitis  and  Pyelonephritis. — Inflammation  of  the  pelvis  of  the 
kidney  may  be  due  ( i )  to  an  infection  ascending  along  the  ureter,  or 
a  descending  renal  infection,  or  an  infection  extending  by  contiguity 
from  neighboring  organs;  (2)  to  local  causes,  stone,  cancer,  tuber- 
culosis, parasites  (echinococcus,  amojbas,  etc.),  trauma,  floating  kid- 
ney: or  (3)  to  systemic  causes,  specific  toxines  of  acute  fevers,  medi- 
cines, etc.     It  is  usually  unilateral. 

The  syni])tonis  are  usually  masked  by  those  of  the  general  or  cau- 
sative disease,  and  even  when  attention  is  directed  to  it  there  may  be 
no  localizing  syniploms. 

The  urinarv  features  will  <lc])end  on  the  cause.  Sometimes  there 
is  anuria  (dne  to  the  reflex  influence  over  the  sound  kidney).  In 
chronic  cases  the  amount  of  urine  is  sometimes  even  trebled.  It  is 
cloudy  from  the  pus.  blood,  and  mucus,  and  faintly  acid  unless  there 
is  ammoniacal  decomposition.  It  contains  little  albumin  unless  nephri- 
tis coexist. 

Microscopically,  the  urine  contains  red  blood-cells,  mucus,  pus, 
various  epithelial  cells,  uric  acid  crystals,  calcium  oxalate  crystals, 
fibrin  ci>agula.  tissue  constituents,  and  other  elements  suggesting  the 
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(au»e  of  the  trouble,  as  tumor  fragnieins  or  parnsiles.     It  has  been 

much  disputed  (|Ufstion  whctlicr  from  the  nature  of  the  cpilhcUal 

lb  ihe  situation  of  the  trouble  cimM  be  ilelerniined.     It  seems  to 

te  generally   conceded  that   the  cpitheiiuni    from   tbe   pelvis   of   the 

fclnt)'  to  the  urethra  is  quite  imiionii.     Sahli  suggests  from  ohser- 

intiun  of  one  case  that  in  pyeliti»  it  is  the  cyhndrical  cells  with  tails 

(Kig.  46.  a.  h)  which  are  especially  increased.     We  have  found  many 

|«f  these  cells  in  several  cases,  hut  tn  one  very  acute  case  with  autopsy 

Ibe  urine  contained  none.     The  epithelial  cells  arc  often  in  clusters 

Kith  iitrain,  presenting  the  well-known  tile  arrangement  of  the  tailed 

haped  cells.     There  will  be  no  casts  or  renal  epithelial  cells  in 

ti»ere  is  no  nephritis.     [ii  the  diagnosis  the  urine  examination  is 

panictdarly  important.    Tlie  reaction  of  the  urine  is  usually  acid. 

Oi  importance  is  the  variability  of  the  nrine.  the  obstruction  of 
the (lisca.se<l  side  causing  periods  with  noniial  urine,  then  the  appcar- 
iiiceof  all  the  elements  of  the  pyelitis. 

VarioH.'*  crystals  are  present.  an<l  in  the  diphtheritic  form  threads 
oi  fibrin  and  casts  of  the  pelvis  of  the  kidney,  or  tissue  fra{ii"eiits. 

In  the  diagnosis  of  pyelitis,  of  greatest  importance  is  the  absence 
•^  iJisiurhancc  of  micturition,  the  homogeneous  mixture  of  pus  and 
'ifiiic,  an<I  the  chit>-shape<l  tailed  cells  in  groups  with  a  tile-like  ar- 
rangement. 

In  hydronephrosis,  pyonephrosis,  and  uronephrosis,  the  urinary 
cdftiigcs  (apart  from  pus)  are  in  amount  of  urine,  the  periods  i)f  oli- 
puna  alternating  with  polyuria,  and  its  constituents,  depending  on 
^the  health  of  the  cortex. 

H     Renal  Calculus — During  the  renal  colic  the  urine  may  be  normal 
w  anuria  total,  but  when  the  obstruction  is  relieved,  blood,  mucus, 

kinil  pus  appear. 
I     Independent  of  colic.  h:eniaturia  is  a  common  symptom  (especially 
of  oxalate  stones),  sometimes  with  the  passage  of  a  clot  of  blood; 
"mietimes  the  hemorrhage  i*  profuse,  especially  early.     Later  the 
'.unptoins  are  those  of  pyelitis. 

U'ith  ureteral  calculi  occur  h:ematuria  and  ohfjuria,  followed  by 
polyuria.  The  oliguria  is  a  feature  in  about  25  per  cent,  of  all  cases, 
and  even  anuria  in  16  per  cent.'"* 

Parasitic  Diseases  of  the  KmNEV. — In  cchiiiococciis  dt'seasi' 
Ihe  only  urinary  sj-mptoms  are  in  some  cases  a  mucous  catarrh  of  the 
pelvis  of  the  kidney,  which  later  may  be  purulent  pyelitis  or  gangrene. 
If  the  large  cyst  ruptures  through  the  urinary  tract,  there  is  the  sud- 
den .ippcirance  of  a  w.ntery  fluid  (or  soapy  or  milk>'  or  bloody) 
while  t*>e  c)"st  is  discharging  the  booklets,  scolic-*.  fragments  of 
lirane,  etc..  may  be  found  in  the  sediment. 

"*S«  Schcnek,  Johns  Hopkins  Ilotp.  Rep.,  vol.  x.  p.  477. 
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(For  other  parasites  see  page  275.)  In  the  Bilharpia  infections 
(see  page  275)  pyelitis  and  even  renal  atrophy  may  result. 

FUNCTIONAL  RENAL  DIAGNOSIS 

During  the  past  few  years  the  amount  of  work  in  this  very  prom- 
ising field  has  been  enormous  (over  fifty  theses  and  articles  have 
appeared  in  about  seven  years),  but,  sad  to  say,  is  rather  unfruitful. 

The  discrepancy  between  the  anatomical  condition  as  found  at 
autq)sy  and  that  which  would  be  supposed  from  the  urinary  e.xamina- 
tions  is  proverbial.  Small  contracted  kidneys  of  less  than  one-half  ot 
one-third  nornial  size  may  excrete  a  urine  normal  in  amount  and  spe- 
cific gravity,  with  but  a  trace  of  albumin  and  a  few  casts;  when  thi 
urine  was  full  of  casts  and  a  great  amount  of  albumin,  no  clear  cvi 
dence  of  nephritis  may  be  found;  again,  persons  may  die  with  the  mos 
marked  signs  of  renal  insufficiency,  urasmia,  with  a  urine  almost  nor 
mal,  albumin  but  a  trace,  and  at  autopsy  very  slight  renal  changes 
Evidently  the  time-honored  chemical  and  microscopical  methods  ar< 
too  gross. 

The  next  problem  was  to  find  a  more  delicate  test  than  these  ti 
determine  a  renal  condition  which  would  be  unsuspected  if  ordinar 
tests  were  used,  and  which  would  also  allow  of  diagnosis  before  tb 
anatomical  changes  were  evident;  also  a  test  which  would  prophes; 
an  oncoming  urainiia.  Two  of  the  most  delicate  tests  of  physics 
chemistry  were  chosen. — cryoscopy  and  electrical  conductivity  of  th 
urine  and  blood.  It  was  hoped  that  the  results  of  this  work  would  b 
more  in  accord  with  ]>athological  findings  on  the  one  side,  and  whei 
these  would  be  <ieceptive  could  we  see  the  kidney,  would  show  a  defi 
nile  renal  insufficiency  did  it  exist  clinically.  In  connection  with  thes- 
tests  is  often  used  the  sodium  chloride  test. 

The  third  line  of  work  disregarded  the  anatomical  condition  o 
the  ki<lney  altogether,  and  asked  as  to  its  functional  ability.  For 
a  well-compensated  severe  lesion  is  manifestly  of  less  immediate  dan 
ger  than  a  poorly  or  non-compensated  slight  lesion.  In  these  test 
an  extra  demand  is  suddenly  made  on  the  kidneys  and  its  responsi 
determined.  Such  tests  are  the  .sodium  chloride,  the  methylene  blue 
the  rosanilin,  the  phlorizin,  salicylic  acid,  and  potassium  iodide.  r(  al. 
tests. 

Before  describing  these  tests  it  is  well  to  emphasize  the  fact  tha 
the  toxincs  so  evident  from  their  results  in  nephritis  are  as  yet  un 
known;  and  that  nephritis  is  more  a  general  disease,  the  kidney  fea 
tures  playing  only  one  part.  All  that  can  be  done  is  to  test  the  wa; 
in  which  the  kidneys  belia\-e  toward  known  substances,  or  perforn 
their  ordinary  duties,  or  the  unusual  which  we  impose  upon  them,  ant 
from   this  by   analogy  surmise  how   well   they  perform   their   othei 
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liinriions.  Another  pninl  to  be  remembered  is  that  the  function  of 
tht  kidney  is  not  as  well  understood  by  the  physiologist  as  the  clinician 
>«(iis  Ui  nssttme  when  he  uses  the  methylene  blue  te^t  to  test  the  "  epi- 
Ibclisl  fihcr."  Uie  saHcylic  acid  to  test  the  "  glomerular  filter."  and 
[ilili>rizin  lu  test  the  "  glaiiihil.ir  ^idivity"  of  the  rcual  epithelium. 

Most  .idmit  that  ime  test  ts  never  enough;  that  all  must  be  used 
to  jfH  a  gocxl  picture,  and  even  with  a!l  one  is  dissatisfied  (see  the 
Runy  French  theses  of  ig02  to  1903.  among  them  Miorgec.  Lyon, 
19W.  and  Jouffray,  Lyon,  1903). 

W«  with  ta  warn  workeri  lliat  nearly  all  these  functional  itsis  make  an 
inutiai  ikiUKTid  on  ihc  kidney*.  I"  which  ihey  may  tioi  be  able  lo  respond,  and 
duaitroui  fcsulls  (oIIdw. 

Crjroscopy.  Freezing  Point  of  the  Urine. — By  means  of  this  deter- 
istnati'jii  one  hopes  to  luid  out  how  many  molecules  the  kidneys  are 
extrciing  on  the  one  h.in<I.  how  well  they  keep  the  serum  free  fnjm  an 
accuinulation  of  these  molecules  on  the  other.  Of  these  two  values 
(lie  latter  is  the  more  important,  since  the  former  will  depend  on  the 
diet,  tie.  The  latter  is  an  index  of  the  success  the  kidneys  have  in 
beqiing  the  plasma  free  from  the  products  of  catabolism.  It  is  not 
L     «tM  the  kidneys  eltminale.  but  what  they  should  but  do  not,  which 

■  hit of  interest  to  determine,  and  the  examination  of  the  blood  gives 
V  Rffic  citie  as  to  this. 

"  The  determination  of  the  freezing  point  of  solutions  is  a  well  rec- 
<fi»td  method  of  physical  chemistry  to  determine  the  molecular 
"(ighl  of  the  substance  in  solution ;  also  the  degree  of  disassociation  of 

1     iht molecules.    The  method,  therefore,  is,  from  the  chejuisl's  point  of 

■  *itw,  one  of  great  importance.  But  even  when  the  problems  are 
m  of  ihe  simplest  nature,  when  dilute  solutions  of  a  single  and  pure  salt 
I  ifc  used,  and  with  but  the  simplest  point  to  determine,  the  method 
H  fpfsTCS  experience,  skill,  and  the  due  regard  to  a  good  many  factors 

■  •hkh  can  modify  the  results.  It  is  hard  to  see.  therefore,  how  this 
H  nwlirx]  can  be  applied  with   much  success  to  complex   fluids  like 

■  ''murine  or  blood,  in  which  is  dissolved  a  great  variety  of  bodies  of 
^  *i(Wy  difTerent  nature,  some  unknown.    The  belief  was,  however,  that 

from  \cry  slight  differences  in  the  freezing  point  of  these  fluids  im- 
potant  deductions  could  be  made  concerning  the  functional  ability 
"f  Ihc  kidney.  It  must,  of  course,  be  remembered  that  the  changes 
'n  lilt  freezing  point  arc  exceedingly  shght.  varying;  in  many  cases  but 
*ftw  hundredths  of  one  degree:  a  variation  which  the  physical  chem- 
'Itonsiders  slight  is  that  from  which  the  clinicians  draw  conclusions. 
Ibe  clinician,  therefore,  should  use  even  greater  care  than  the  physi- 
■M  tn  using  this  method,  and  at  least  as  delicate  instruments.  The 
frerse  has,  however,  been  true.    Cheap  "  clinical"  instruments  which 
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cannot  be  accurate  arc  placed  upon  the  market,  and  a  miiltitiitlr  oi 
freezing  point  determinations  made  with  a  disregard  of  tlie  chances 
of  error  which  must  exclnde  the  possibilii}'  of  correct  resiiUs  even  in 
a  much  simpler  prL>blem. 

The  principle  of  cryoscopy  is  this:    When  a  substance  is  di^sohtd 
in  a  licjuid,  the  freezing  iw)int  of  the  latter  is  lowered  to  a  degree  whif'i 
in  a  general  way  is  prujiortional  to  the  concentration  of  the  solution, 
'File  lowering  of  the  freezing  point  of  a  given  liquid,  for  instance  of 
water,  by  a  i  per  cent,  solution  of  a  snbstance,  is  called  tlie  "  specific 
depression"  of  the  freezing  point  of  that  liquid  by  that  particular  sub- 
stance,  and  a  2  per  cent,  aqueous  solution  of  that  same  substance 
should  cause  double  that  depression.     It  has  been  found  that  the  de- 
pression of  the  freezing  point  bears  no  relation  to  the  molcaiUr 
weights  of  the  substance,  but  to  the  number  of  molecules  in  soliiliDn- 
In  other  words,  equal  numbers  of  molecules  when  dissoIvc<l  in  equil 
quantities  of  a  given  liquid  will  produce  the  same  lowering  of  the 
freei-ing  point  whether  the  molecules  are  of  the  same  or  ditTerent 
nature.    By  "  molecular  depression"  is  meant  that  caused  by  a  sohition 
in  100  gins,  of  a  given  liquid  of  a  number  of  grammes  of  the  substance 
in  question  equal  to  iis  molccuL^r  weight. 

The  above  statements  have  one  very  important  exception.  Tlicy 
hold  for  those  bodies  wlucli  are  not  disassociated  in  solution.  In  the 
case  of  clectrnlytes — inorganic  acids,  bases,  and  salts — in  dilute  solu- 
tion the  dqjression  of  the  freezing  point  is  at  least  twice  that  of  equiva- 
lent amounts  of  organic  substances,  since  electrolytes  are  disassociated, 
and  each  ion  has  the  same  effect  on  the  freezing  point  as  a  compteie 
molecule.  The  diiliculties  are  at  once  evidetu.  In  the  WchmI  and  in 
the  urine  we  will  have  a  large  number  of  bodies  in  solution  in  propor- 
tions varying  considerably,  probably  in  conditions  of  association  which 
wc  can  neither  control  nor  delenntne.  'Hie  result  obtained  by  the 
clinical  chemist  is  therefore  a  depression  of  the  freezing  ]K>int 
produced  by  a  resultant  in  this  mixed  solution  of  really  unknown 
nature. 

Of  course,  this  result  could  be  of  greatest  value  if  it  were  em- 
pirically shown  to  be  so,  even  though  the  phenomenon  could  tKX  be 
well  explained. 

The  question  is,  then.  Docs  experience  prove  cr>-oscopy  a  valuah 
clinical  means  of  determining  rennl  sufHciency.  or  is  the  clinician  onlj 
playing  with  a  scientific  toy  which  has  for  him  only  the  appearance  o 
truth? 

Method. — The  apparatus  (see  Fig.  62)  consists  of  an  exceed 
ingly  delicate  thermometer.  <j.  and  the  liest  is  none  loo  good,  whid 
readies  almost  to  the  bottom  of  a  test-titbe.  b.  scrupulously  clear* 
containing  the  solution  whose  freezing  point  is  to  be  determined.    Thi 
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iRuTJe  is  enclosed  in  an  air-jacket,  c,  wliidi  is  siirroinule'l  by  a 
irtuiii]^  mixittrc  of  ice  and  sail. 

Tlie  Beckmann  lliermoiiicter  is  generally 
11*1,  The  niaker<)  of  this  instnimcni  now 
sujipiy  one  for  freezing  ]»)int»  alone,  which  is 
i  distinct  advantage  over  the  Beckniaiin  for 
Villi  freezing  anil  Ijoiliiig  |)uints.  In  the 
(iwriiig  mixture  is  inserted  a  smaller  ther- 
mometer, d.  that  its  temperature  may  be 
tonlrolled.  ami  a  stirrer,  c,  that  it  may  he 
Ixpt  well  mixed.  Before  and  after  every  de- 
itnuinatton  the  zero  of  the  tlierniomctcr  must 
be  iletenniiie<l  for  distilled  water.  Of  the 
simc  water  the  second  zero  will  often  be 
tlightly  lower  than  the  first  since  the  freezing 
haspiirilied  the  water  of  carbon  dioxide.  'Hie 
WtTitf  these  values  is  the  zero  of  tiie  experi- 
ment. 

The  iinid  whose  freezing  pnini  is  to  Iw  de- 
lemiiuir^!  nuust  cover  the  whole  nr  at  least  over 
t*o-Ihirds  of  the  bnlb  of  the  thermometer.  In 
any  accurate  apparatus  this  will  require  at 
itaM  10  ce.  of  rtuid,  and  those  iiistnniients 
ad^wiscd  for  5  cc.  are  to  be  regardeil  with 
RTtat  suspicion.  Tlic  tcmpcraiiire  i)f  the 
frwaiig  mixture  should  not  lie  more  than  r° 
•"3  knver  than  the  freezing  point 
"'llie  fluiil  to  he  determined,  sirtee 
""'lercooling  may  give  too  low  a 

Tlie  method  used  by  the  physi- 
chemist  is  as  follows:  Distilled 
is  put  into  the  tube.  h. 
water  is  allowed  to  cool  somc- 
"*^ai  IkIow  the  freezing  point  and 
"^n  by  means  of  the  stirrer,  f. 
*'**"re<l  vigorously  until  ice  licgins 
'I*  form.  Tlie  thermometer  will 
■"^n  rise  a  little  and  remain  con- 

2  *«1»  loi  Hold  ii>  l»  i<ivr>ipj[»wil .  (,  »lr-rhamb»r . 
^liriiHnKWt  (at  ((tcflriK  intiluie .  t.  Mlficr  (•>[ 
*nnj  mliinfT^  /.  nlrici  tti(    (luiil:  /■,   )■>  (or 
•'•mnnlMutt 
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stant.  The  highest  temperature  is  the  true  freezing  point  of  the 
water.  This  is  to  be  repeated  several  times  and  the  lowest  used.  The 
test-tube  containing  the  water  is  then  removed  and  that  containing 
the  fluid  in  question  substituted.  This  also  is  stirred  until  ice  begins 
to  form,  at  which  time  the  thermometer  will  rise,  remain  stationar)'  for 
a  few  moments,  and  then  fall.  The  highest  temperature  is  the  one 
to  be  recorded.  The  rise  is  caused  by  the  liberation  of  the  latent  heat 
of  crystallization,  and  the  subsequent  fall  due  to  the  concentration  of 
the  solution,  since  the  ice  formation  removes  just  so  much  solvent. 
That  this  highest  point  may  be  the  correct  one  it  is  necessarj'  that 
the  freezing  mixture  should  not  be  too  cool,  or  we  may  get  "  under 
cooling."  If  ice  does  not  form,  a  very  small  crystal  of  ice  should  be 
inserted  into  the  tube,  which  will  start  the  freezing  at  once. 

Certain  points  must  be  observed  with  care :  The  repeated  correc- 
tion of  the  zero  point  for  each  determination  already  mentioned.  The 
bulb  of  the  thennometer  would  better  not  rest  on  the  bottom  of  the 
test-tube,  or  there  may  be  too  much  ice  formed  here ;  this  error  is, 
however,  smalt.  The  stirrer  should  theoretically  be  moved  by  ma- 
chinery, since  its  motion  should  be  perfectly  rhythmical  and  timed  by  a 
metronome ;  irregular  stirring  results  in  error.  Since  the  cooling 
should  be  slow  and  the  stirring  take  fifteen  to  thirty  minutes,  it  is  im- 
possible to  do  this  by  hand. 

But  this  careful  performance  of  the  test  is  seldom  carried  out.  As 
a  rule,  the  chnician  considers  the  determination  easy  and  remarkably 
rapid,  and  for  him  it  is,  but  we  are  glad  to  say  that  long  series  of 
observations  have  been  made  by  those  who  have  observed  all  the  above 
precautions,  and  their  work  (mentioned  later)  is  alone  of  value  in 
judging  the  method. 

Some  go  so  far  to  the  other  extreme  as  to  say  that  the  molecular 
concentration  may  be  easily  determined  by  multiplying  the  last  two 
figures  of  specific  gravity  by  0.075. 

To  determine  the  freezing  point  of  urine  it  is  better  to  use  a 
twenty-four  linurs'  mixed  specimen  than  to  test  separate  voidings'. 
The  vessels  in  which  this  is  kept  should  be  perfectly  clean.  If  rich  in 
urates  the  freezing  point  of  the  clnndy  fluid  may  l>e  determined,  and 
to  the  result  0.04°  added  or  the  fluid  may  be  cleared  by  centrifugali- 
zation  and  the  freezing  point  of  the  clear  fluid  and  sediment  deter- 
mined separately. 

Linossier  and  Lemoine  '"^  have  shown  that  the  position  of  the 
patient  is  important,  since  excretion  is  very  different  when  erect  from 
when  in  bed.  being  even  five  times  as  much  in  the  latter  position. 

Blooi}.— This  is  best  obtained  through  a  canula  in  the  median  vein 
at  the  bend  of  the  elbow.     One  nnist  be  sure,  however,  that  the  cir- 
'"Compl.-rend.  Soc,  Biol,,  vol,  Iv,  pp.  469.  605- 
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culation  is  perfectly  free  before  the  blood  begins  to  flow,  since  the 
nnous  sta.sJs  alters  llie  freezing  point  coiisitierably,  Seriini,  defibri- 
nuflt  blood,  or  the  pure  blood  may  lie  used  with  theoretically  the  same 
results.  Most  of  the  better  workers,  however,  prefer  the  serum.  The 
ikAnnaled  blood  has  the  error  of  the  high  COj-content  which  can 
nalef  a  ihfference  of  0.02°.  It  is  better  to  let  the  blood  clot  in  an 
lir-tig^t  vessel,  or  to  condense  the  clot  by  ceiitrifugalixation.  At  least 
40CC.  of  blood  in  the  first  case  are  necessary  in  order  to  get  enough 
smim;  in  the  second  case,  from  23  to  30  cc.  Two  tielerininations 
Owdd  be  made,  the  observer  l>eing  sure  that  the  serum  is  perfectly 
Ihived  between  them. 

In  the  following  paragraphs  fi  =  the  dei>r<ssion  of  the  freezing 
point  of  blooil ;    j  that  nf  mine. 

The  results  obtained  were  at  first  considered  promising,  but  more 
ttctntty  the  metliod  has  not  received  the  sanie  approval.  Koranyi, 
ubo  brought  the  method  into  prominence  in  1S96.  was  exceedingly 
*Mpiine.  He  considcre<l  thai  8  was  very  little  towered,  that  is, 
WW  0.56"  C,  in  nn.Tmias  and  fevers  which  do  not  affect  respiration, 
tut  was  lowered  considerably  by  any  disease  causing  insufficiency  of 
t^irttion,  or  renal  insullicieiicy.  or  both.  He  thought  that  cryoscopy 
""otild  help  the  diagnosis  between  typhoid  fever  and  pneumonia,  since 
'"  the  latter  8  is  lowered.  In  renal  disease,  for  j  to  be  high  (i.e., 
sfwioniKiIIy  near  o").  means  renal  insulVictency.  From  cryoscopy  of 
f''c  urine  he  believed  in  anxmias  j  to  lie  less  than  1.4',  a  point  which 
's  considered  normal.  In  nephritis  it  is  very  little  less,  but  in  anaiiiias, 
'"  renal  insufficiency,  and  in  mahiulrilioi]  is  niolccular  oliguria  pre-sent 
'about  ^-0.80*  C),     It  is  seen  that  he  exiKKted  nuich  from  this 

The  freezing  point  of  normal  serum  in  man  is  much  less  variable 
''^on  that  of  any  other  animal,  it  being  from  — o.js**  to  — 0.57"  C.  In 
'^fcse  both  kidneys  of  an  animal  be  removed,  the  elTect  on  the  blood  13 
^■lormous.  esen— o.jj''  C,  but  a  partial  injury  has  a  less  effect,  Ko- 
'"^nyi  stating  that  one-half  the  renal  parenchyma  could  be  destroyed 
'*^fore  any  effect  was  shown. 

The  remarkable  abiliiy  of  the  body  to  keep  i  constant  is  seen  in 
'he  case  mentioned  by  Kiimmel,  in  which  8  was  — 0.57"  C.  before  an 
i»uravenons  injection  of  2000  cc,  and  four  hours  later  exactly  the 
Same.  This  writer  in  a  long  series  of  observations  found  almost 
always  when  there  was  unilateral  disease  a  lowering  of  8. 

The  anK>unt  of  work  done  with  cryoscopy  is  enormous,  at  first^ 
"piite  promising,  but  later  less  so.        Our  own  exoericncc  is  not  stif 
eicnt  10  report.     We  think  the  present  status  well  given  by  Sc*" 
hnm    fWieshaden.    1004).  who  has  done  some  very  carcfiit 
with  this  method.     Forty-two  cases  of  nephritis  were  siudie 
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the  various  fomiulx  applictj.  His  conclusions  are  tliat  Uie  urdinaiy 
methods  of  urine  examination,  the  microscopical  and  chemical,  are 
of  more  value  tliati  cryoscopy  of  the  urine  and  blood ;  that  dtnt- 
cally  the  latter  can  be  omiiicd  but  the  former  never.  He  found  Ihii 
from  cryostupy  no  infonnatiuii  was  gained  concerning  the  nature  of 
the  processes,  the  functional  ability  of  the  kicJney.  or  the  seventy 
of  the  disease.  It  is  true  that  the  majority  of  cases  wi!l  confotm 
to  certain  rules,  but  one  is  so  uiicii  deceived,  the  number  of  excep- 
tions to  these  general  niles  so  gre.it,  and  in  all  prnbabilily  their  num- 
ber will  increase  so  greatly  on  further  work,  that  the  value  of  this 
alone  is  to  be  much  doubted.  As  a  delicate  method  of  predicting  any 
future  change  of  the  patients'  condition  or  of  detecting  a  latent  nephri- 
lis  which  cannot  be  recognized  by  (he  ordinary  clinical  metliods.  he 
doubts  that  it  is  of  any  value. 

In  most  of  his  cases  j  fell  within  those  limits  usually  considerd 
normal,  and  some  of  these  were  the  severe  ones.  In  the  severest  ciic! 
S  did  drop,  yet  gave  no  indication  of  the  nature  nf  the  le.sinii. 

In  urfeinia  it  is  granted  there  is  the  most  serious  renal  insuflicicac) 
and  hence  this  is  the  condition  by  which  the  method  can  be  best  tested 
He  concluded  from  the  study  of  88  cases,  including  nine  of  his  owr 
that  cryoscopy  in  some  cases  shows  a  normal  con<tiiion,  in  the  ma 
jority  of  cases  the  same  condition  as  of  nephritis  without  uriemia.  an 
in  only  a  few  cases  a  striking  abnonuality.  as.  for  instance.  8  = 
— 0.975*  C.  Engehuann  on  the  contrary  re])orted  a  series  of  36  case 
8  averaging  — 0.664"  C.  Again,  in  cases  with  no  suspicion  of  reni 
insufficiency  i  could  be  very  high,  even  — 0.67'  C. 

In  surgical  cases  with  a  gross  bilateral  renal  lesion  destroying  3 
the  functions  a  go()d  parallelism  between  the  lowering  of  S  and  tl 
development  of  the  ur-rmic  symptoms  may  be  followed  (Kunimel 
but  in  medical  cases  this  is  not  so  true,  since  the  lesion,  whatever 
may  tw,  in  some  w.iy  brings  aliout  nn-cmia  while  those  renal  fmictioi 
which  we  can  measure  are  still  well  performed. 

According  to  the  medical  men.  therefore,  the  cn,*oscopy  of  tl 
blood  ami  urine  gives  some  idea  of  the  osmotic  activity  of  the  kidnej 
which  is  not  given  by  any  other  method:  this  idea  enlarges  in  son 
cases  the  clinical  picture  and  is  of  some  value,  but  it  rarely  gives  an 
information  which  could  nol  be  learned  from  the  ordinary  metho<I».  1 
never  fnreiells  an  oncoming  ura-mia,  or  decides  the  nature,  the  pro( 
nosis.  or  the  results  of  therapy,  or  reveals  a  condition  not  already  sui 
pected.  It  is  a  method  which  requires  a  great  deal  of  practice,  and  til 
accurate  control  of  a  great  many  conditions,  both  in  its  pcrformanc 
and  in  the  previous  care  of  the  patients,  such  as  diet.  etc.  The  resull 
obtained  by  the  skilful  are  interesting,  in  some  cases  vahtable.  in  ih 
majority  disappointing,  and  in  some  deceptive.    The  cryosct^y  of  ill 
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blood  alone  demands  considerable  experience,  and  gives  tittle  more  than 
Bould  be  expected  from  the  clinical  observation  of  the  case,  and  often 
not  that  much.  The  cryoscopy  of  the  urine  is  of  very  little  value  even 
when  greatest  care  is  taken  concerning  diets,  fluid,  etc.  Schoenborn 
examined  52  cases  of  non-nephritics  with  many  diseases,  and  found  it 
of  practically  no  value  whatever  in  differential  diagnosis  or  to  follow 
theresults  of  therapy.  He  admits  that  the  conditions  of  the  kidney  and 
cortical  vessel  are  the  most  important  factors  governing  S  and  J, 
bat  there  must  be  other  unknown  factors  in  some  cases  still  more 
potent.  From  the  study  of  all  these  ca^es  no  general  deduction  could 
be  made, 

Slrauss,***  who  carefully  governed  the  food  and  iv3tcr  intake,  also  had  found 
tryoscopy  of  the  urine  unsatisfactory,  and  evidently  more  cases  atypical  than 
Qpitai.  For  the  value  of  cryoscopy  in  hepatic  diseases,  see  Fcrrannini,'"  Cryo*" 
Mpy  has  also  been  used  for  the  quantitative  determination  of  albutnin  and  sugar, 
tat  without  much  success. 

Among  the  various  formul.*:  used  in  the  hope  of  getting  con- 
stants for  use  are  the  following : 

A  =  depression  of  freezing-point  of  urine  ;  'I,  that  of  blood. 

--—-    —■  _— — -^-— '(Claude  and  Balthazard)  "  the  total  molecular  diu- 
body  weight  (P)    ^ 

•"Csis;"  the  index  of  "glomerular  filtration  ;"  this  wa.s  found  inconstant 

a  X  amt  of  urine,  Strauss'  "  valence  value,"  is  useful ;  the  "  molcc- 

•^lar  diuresis"  of  Koranyi. 

a  X  amt  of  urine     ,,  _.         .     ,      .,,-,-  ■  ,       ,■ 

— "NaCI  equivalent    of  Koranyi  (i  of  i   per  ccnL 

61.3 

J^aCI^  0.613). 

^ (Waldvogel). 

N  per  cent.  ^  ^    ' 

A 


Sp.  gr.  of  urine, 
j^^  (Koranyi). 

-  is  of  value  indicating  the  permeability  of  the  cpithehum  of  the 


tubules. 

a  X  amt.  of  urine 


(Bernard). 


— -  an  approximate  index  of  urinary  toxicttj'. 

Electrical  Conductivity. — This  method  of  physical  chemistry  also 
has  been  appropriated  by  the  clinician  in  his  desire  to  learn  something 

"■Zeltschr.  f.  klin.  Med,,  igos,  vol.  xlvii.  p.  39. 
■"  Centralbl.  f.  inn.  Med.,  vol.  xxiv.  p.  273. 
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about  the  functional  ability  of  tlie  ki<lne>'6.  By  electrical  conductivity 
is  ine;im  the  reciprocal  of  die  resistance  which  a  certain  amount  of  3 
sdlutitm  between  two  plaiinimi  electrodes  of  given  size  and  given 
distance  apart  offers  lo  the  passage  of  a  current  of  Icnown  strength. 
This  is  rcalU'  a  measure  of  the  number  of  electrolytes  in  st^thilioii,  that 
is.  of  the  disassociated  ions.  It  is  not  affcctc<l  by  sucli  bo<lics  as  albu- 
min, sugar,  urea,  which  are  not  disassociated,  and  hence  is  practically 
a  measure  of  a  few  salts  in  the  blood  and  urine,  especially  the  clilorides. 
This  also  is  a  method  which  is  very  valuable  to  the  physical  chemist 
of  experience  to  determine  simple  points  concerning  simple  soKiiiotis, 
and  even  for  him  to  draw  ilcdnctions  rccpiircs  a  full  understanding 
of  all  the  conditions  present  in  the  determination.  Il  would  seeni, 
therefore,  like  one  working  in  darkness  to  apply  this  very  delicate 
method  to  solutions,  such  as  the  bloiMl  and  urine,  which  contain  an 
unknown  mixture  of  various  bodies  which,  because  of  this  mixture, 
may  not  disassociate  as  tbcy  woul<l  were  they  in  pure  dilute  solution. 
Ydl  if  found  by  experience  to  be  of  value,  no  theoretical  objection 
should  be  urged  against  il. 

Mktiioij. — The  method  of  Kohlrauscb  is  that  usually  used.  IJy 
this  method  an  alternating  current  is  passed  lietween  platinum  elec- 
trodes through  the  solution  whose  conductivity  it  is  desired  to  study. 
The  resistance  is  balanced  <m  a  Wheatstone  bridge  against  a  rheostat, 
and  the  jjoiiu  of  etiuilibrium  determined  by  means  of  a  telqihonr. 
Tlie  urine,  for  instance,  is  placed  in  a  U-shaped  tulic  of  known  length 
and  holding  4  to  8  cc.  of  fluid,  in  which  are  immersed  the  platinum 
electrodes,  which  must  he  very  carefully  prepared  and  covcrwl  with 
platinum  black  in  order  to  secure  a  sharper  minimum  in  the  tele- 
phone. This  vessel  containing  the  urine  is  placed  in  a  thermostat, 
the  temperature  of  which  docs  not  vary  over  0.1"  C. 

For  detailed  description  of  the  method  standard  works  on  physical 
chemistry  should  lie  consulted.  Hut  this  mcthml  has  l«en  poi)ularized, 
and  on  tlie  market  are  instruments  for  "  clinical  use"  which  allow  of  a 
rapid  detcrniinaii<m  and.  which  is  their  chief  advantage,  require  a  very 
small  amount  of  urine  ( i  to  2  cc). 

The  conclusions  thus  far  are  that  the  electrical  conductivity  in  tlie 
case  of  the  blood  and  the  urine  is  somewhat  t>arallel  to  the  freezing 
point  and  gives  nothing  definite.  Many  abnormalities  are  found,  but 
one  does  not  know  how  to  interpret  them.  For  this  reason  we  refrain 
from  a  more  elalmrate  description  of  the  method. 

The  delayed  excretion  of  urea  is  an  oM  criterion  of  fiiticttonal 
renal  .tbiUty.  In  acute  disease  it  may  take  three  to  six  days  to 
excrete  the  urea  formed  from  one  day's  meals;  in  chronic  nephritis 
and  renal  tuberculosis,  two  days.  During  this  delay  the  urea  accutnu- 
laies  in  the  blood,  and  may  be  determined  quantitatively  (see  |>i?e 
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I    5'3)'    Wlien  it  is  increased  leiifold  (i.  <*.,  to  0.3  per  ceiil.J.  I'ler*  is 

r     danger  of  untinia  (Meiter). 

Chloride  Excretion.— The  rapidity  witii  which  the  kidneys  can 
txcrete  a  coitsiderable  amoimi  of  sodium  chloride  is  taken  as  a  te&l 
of  its  functional  ahility.  or.  as  some  specify  more  particularly,  of  the 
"glomerular  sufficiency," 

Thb  test  of  "  alimentary  chloruria,"  reconnnended  by  Gaude  and 
Mante,'"  is  used  «su:illy  in  conjunction  with  cryoscopy,  [t  consists 
is  placing  the  patient  un  a  milk  did  ( ^  I.  per  day),  ami  after  the  third 
day  adding  sodium  chloride.  10  gms.  a  day.  dissolved  in  125  cc.  of 
witcr,  which  are  given  in  three  portions  nn  each  of  fnur  consecutive 
iia_«.   The  daily  output  of  the  chlorides  is  dcterniineil. 

KormaHy  the  cxcreljon  bttins  at  once  and  ends  abruptly  when  inxcsiion 
(1*1(1  The  water  output  is  iiicreated.  but  to  a  lea  degree.  The  other  eonniJIuents 
oi  the  uritic  are  alto  «li|(hlly  iiicreAscd  and  contiiiiK-  to  for  a  lonner  time  than  the 
mtntt  m  Q. 

TIkic  writers  divide  renal  cases  into  four  groups:    the  tiTSl.  of  iho»e  who 

I      met  ntactlj'  as  normal  person*  do:    these  bear  their  loion  well      (n  ihe  second 

I      poip  ihc   inereafed   chloride   excretion   caufiet   a   considerable   incrpusc   of   olhci 

nrutij  eonitituent*,  especially  tlie  nitrogenous  bodies,   which  couiinues   several 

I      iv^M  if  the  sodium  chloride  had  acted  favorably  on  the  kidncyv     In  ihc  third 

IKupihe  increate  in  chlorides  is  delayed,  reaches  a  slow  maxiniuTn.  and  coutimies 

,      nnta  four  days  after  ingestion  eeasct.    There  is  ahn  an  increased  c>utpiit  of  oilier 

I      Mn.  bul  lesi  than  in  the  second  k'^'^P'     I"  '''e  '^st  group  lite  ingestion  of  salt 

I      rMKf  no  increased  CI  miipui.  none  or  n  ttighi  diucetit  reitilis.  and  tlie  fxcretion  of 

tdicT  tiodiei  b  increased     The  projcnosls  of  the  third  group  is  bad :   of  Ihe  fourth, 

fiat 

Yet  further  work  has  shown  that  there  is  nothing  constant  in  this 
fwreiion  hi  raial  disease:  tficrc  are  too  many  exceptions,  and  not 
*l«'iys  can  these  Iw  interpreted. 

The  Dilution  Test. — Some  consider  the  change  of  J  after  ingcs- 

"On  of  increased  fluid  of  importance.     In  parencliyniatons  nephritis 

'^e  ability  to  excrete  a  dilute  urine  is  decreased  more  than  it  is  in 

^tracletl  kidney;  that  is,  the  case  is  judged  from  its  water  economy. 

'*i  Hirgical  cases  also  this  lest  is  considcreil  a  valuable  adjunct.  .After 

*l««'mining    J,  etc.,  the  patient  drinks  in  a  short  tmic  i  to  2  litres 

*-*f  water.    The  annnmi  excreted  and  the  J  of  liie  dilute  urine  are  then 

*leierniined.     The  mine  is  collected  in  half-hourly  anmutits.     'Hie  in- 

*^rease  often  liegins  during  the  second  half-hinir.  reaches  a  maximum 

^n  two  to  three  hours,  and  is  over  in  five  to  six  hours, 

.Anwmg  the  other  terms  used  are  "  glomcnil.ir  insufficiency."  which 
ti>e3n>  the  retention  of  water  and  NaCI.  the  excretion  of  a  scanty  con- 
centrate<)  urine,  the  inability  to  excrete  a  dilute  urine.  "  Tubular 
insufficiency."  the  retention  of  nitrogen  and  phosphates,  the  excretion 
of  a  norma!  amount  of  dilute  urine,  the  inability  to  excrete  a  concen- 
trated tirinc. 

"Arch,  gin-  de  m*d.  1902,  vol,  viii..  n.  »..  p,  lag. 


302 


CLINICAt,    DIAGNOSIS 


Renal  Permeability, — Thk  methylene  blue  test  (of  AcharJ 
and  Caslaigiie)  is  supposed  to  test  the  "  epithelial  filtration."  This 
dye  may  be  given  by  motitli,  o.i  gn\.  in  a  capsule,  or  0.05  gin,  subcu- 
taneousiy.  that  is,  intramiLscularly  ( i  cc.  of  a  i  :  20  solution  of  me- 
thylene bhie).  This  latter  is  the  better  method,  since  the  disturbing 
factors  oil  the  part  of  the  digestive  canal  are  eliminated. 

The  dye  is  eliminated,  first  ah  a  colorless  chromogen  in  fifteen  to 
thirty  minutes  after  a  subcutaneous  injection,  and  as  a  greenish -blue! 
pigment  ilircc  to  five  minutes  later,  'I'o  appear  lirst  i>nly  after  an 
hour  is  pathological,  Nonually  the  excretion  reaches  a  maximum  ini 
from  three  to  fonr  hours  and  lasts  from  thirty-five  to  fifty  lioursi 
(forty-eight  to  sixty);  the  chromogen  is  last  to  disappear.  About 
one-half  is  eliminated  in  the  first  twenty-four  hours. 

As  soon  as  given  the  bladder  is  emptied  and  the  urine  examincdl 
at  stated  periods,  first  in  half  an  hour,  then  hourly.  It  is  boiled  with' 
acetic  acid  to  oxidixe  the  chromogen.  The  time  is  measured  front! 
the  appearance  uf  ihc  colorless  pigment  thus  made  evident  until  this 
chromogen  disappears. 

It  has  been  noted  that  toward  evening  the  elimination  ceases,  to  be 
resumed  the  following  morning.  Others  show  a  "  polycyclic"  climina^ 
tion.  I.e.,  a  very  irregidar  curve  with  periods  in  which  none  is  elimi«( 
nated.  This  is  seen  in  interstitial  nqihritis  and  various  neunMicj 
conditions,  but  is  said  to  be  especially  true  of  "  hepatic  insufficiency"! 
(Pugiiatand  Revilliod).  I 

But  the  delay  or  non-delay  of  elimination  is  not  of  great  impor- 
tance, since  even  a  small  amount  of  normal  renal  tissue  in  an  exten- 
sively diseased  kidney  will  excrete  some  at  the  nonnal  time,  hence 
the  amount  excreted  is  considered  of  greater  value.  The  results  of 
these  tests  of  the  renal  )icnncability  in  the  hands  of  its  friends.  espe-J 
cially  the  French,  may  be  staled  as  follows:  The  delayed  and  pro- 
tracted excretion  depends  directly  on  the  acuteness  of  the  process;  iii' 
chronic  parenchymatuus  iie])hritis.  as  a  rule,  the  penneability  is  good;; 
also  in  some  cases  of  chronic  interstitial  nephritis.  Others  say  that 
in  nephritis  the  excretion  is  always  delayed;  that  when  elimination' 
begins  in  normal  time  either  the  kidneys  arc  snnnd  or  the  lesion  local. 

In  some  cases  the  excretion  is  delayed  and  lasts  longer  than  nor- 
mal, even  seven  days,  and  the  total  output  is  less,  Tliis  is  seen  in  renal 
atrophy,  and  is  considered  a  sign  of  "  diminution  of  the  excretory 
surface"  ( ,-\chard).  In  some  cases  "  with  epithelial  lesion  predominat- 
ing" the  kidneys  seem  abnonuilly  pervious,  the  excretion  begins  in  ai 
very  few  minutes,  and  continues  hut  about  twenty-four  hours  (Bard). 
\n  a  third  group  it  begins  late,  hut  lasts  only  a  short  time;  e.g.g 
Wid-il's  case  bcean  at  the  end  of  five  hours  .ind  lasted  bnt  two  hours. 
The  greatest  abnormality  is  therefore  in  interstitial  nephritis,  while 
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I     m  parenchymatous  or  amyloid  the  test  may  show  a  normal  or  abnor- 
[     miUy  rapid  output. 

Hencr,  while  admitting  that  a  delay  means  disease,  agrees  that 
I  wait  patients  shoxv  periods  of  normal  outjHit,  He  denies  that  in  any 
I      cast  is  there  a  shortened  period  of  excrelinn. 

I  From  the  first  the  test  has  l>ccii  severely  criticised   (especially  by 

Germans).    Too  many  cases  with  kidneys  found  at  autopsy  to  be  the 

«at  of  extensive  disease  reacted  normally  or  with  abnonnal  rapidity. 

In  ur*mia  even  ihc  test  may  .show  normal  penueabiliiy    (but  sec 

Bard's  case).    The  variations  are  not  marked  enough;  it  is  not  rea- 

wnable  to  judge  of  the  permeabihty  of  the  kidneys  to  normal  or 

iWrmal  constituents  from  the  excretion  of  this  very  abnormal  liody. 

Jmi  «iicc  the  jjcrmeability  for  methylene  blue  is  known  to  be  different 

frofiithat  lor  known  bodies,  it  may  he  very  different  from  that  for  the 

'o!(inc  causing  urwmic  symptoms;    while,  on  the  whole,  in  nqihritSs 

time  is  delayed  and  abnormally  protracted  excretion,  yet  the  \-arions 

f*ms  of  renal  disease  show  httle  or  no  difTcrcncc;  the  permeability  is 

aJlered  even  in  neuroses,     In  some  cases  the  dye  is  eiUirely  destroyed 

in  iJie  boily.  not  even  the  chmniogcn  appearing  in  the  urine.     .-Xnd 

tastly.  c^en  the  warmest  friends  of  the  test  have  modified  it.  and  now 

emphasize  the  toial  output  of  the  dye  as  of  most  importance,  which 

causes  one  to  mistrust  the  test,  for  this  quantitative  dclerniination  is 

"^Kertain.  hard,  and  it  is  not  at  all  certain  that  diis  amount  would  be 

*ny  giood  index  of  renal  activity. 

Salicylic  Acid  Test — This  test  was  adapted  to  clinical  use  by 
*\'i<Lil  and  Ravanl  as  a  measure  of  renal  permeability.  One  cc.  of  a 
3o  per  cent,  solution  of  sodium  salicylate  is  injected  (with  a  little 
Cocaine  to  reduce  the  pain )  intramuscularly,  The  urine  is  examined 
^t  the  end  of  half  an  hour,  then  hourly,  with  lo  per  cent.  FcjClo  solu- 
*'«JD.    Cotorimetrically  can  the  amount  excreted  be  determined. 

Normally  the  violet  color  is  given  by  the  urine  voided  at  the  end 
**f  half  an  hour,  even  of  fifteen  minutes:    it  reaches  a  maximum  in 
•  rccn  one  lo  three  hours,  and  disappears  in  from  eight  to  twelve  hours, 
^^e  amount  excreted  (i.e.,  the  per  cent,  of  the  total)  in  five  hours 
•5  taken  as  a  sort  of  standard.     The  excretion  is  supposed  to  be 
^^linmgh  ihe  glomeruli  and  governeil  by  physical  law.«  alone.     In  the 
^'arioiis  forms  of  nephritis  the  cxcrcti'm  may  begin  vvithinihe  first  half- 
■Tour  (yet  perhaps  in  the  first  fifteen  minutes),  and  reach  a  maxi- 
•wwn  at  the  same  time  for  all.     In  some  of  the  cases  of  paren- 
■vhymatous   nephritis  there  is  the  same  duration  of  excretion  and 
tlie  same  relative  out|nit  in  five  hours  as  normal,  but  in  some  in- 
terstitial cases  the  output  is  continued  over  a  long  time  and  is  less 
in  amount ;  yet  in  even  the  very  few  cases  rcporterl  there  are  striking 
exceptions. 
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It  has  certain  advantages  over  the  similar  potassium  iodide  test, 
since  it  is  simpler  and  more  rapid. 

If  a  QUANTITATIVE  ESTIMATION  be  dcsifcd,  Ziegan  *'"  recom- 
mends the  following:  To  from  30  to  50  cc.  of  urine  in  a  graduated 
mixing  cylinder  are  added  1  cc.  of  dilute  H2SO4  and  50  to  80  cc  of 
ether,  and  shaken  three  to  five  minutes.  This  is  allowed  to  settle. 
One-half  the  ether  extract  (with  the  .lialicyluric  acid)  is  removed  by  a 
pipette  and  poured  into  a  separating  funnel.  To  it  is  added  2  per  cent 
FcjClo,  till  the  color  does  not  change.  It  is  then  poured  into  a  glass 
suitable  for  color  determinations.  Into  another  glass  of  exactly  the 
same  character  is  poured  an  equal  volume  of  ether,  the  same  amount 
of  2  per  cent.  Fe^ClB  which  was  added  to  the  first  glass,  and  then  0.1 
per  cent,  of  salicylic  acid  from  a  burette  until  the  same  shade  is 
obtained. 

For  the  quantitative  estimation  of  KI  see  Singter.'" 

Phlorizin  Test-^This  test  of  the  "  secretory  ability"  of  the  rwial 
epithelium,  rather  than  the  "  permeability,"  for  which  latter  function 
osmosis  is  supposed  to  play  the  important  part,  in  the  former  none,  was 
proposed  by  Achard  to  replace  the  hippuric  acid  test  (the  ability  oE 
the  kidney  to  transform  benzoic  to  hippuric  acid;  a  theoretically  gooA- 

test  of  renal  functional  ability,  but  clinically  useless  since  the  deter 

mination  of  hippuric  acid  is  so  inexact).     The  test  is,  of  course,  basei^B 
on  the  generally  accepted  view  that  phlorizin  diabetes  is  due  to  the 
activity  of  the  renal  cells  and  that  a  diminished  or  absent  glycosuria 
means  renal  disease.     One  cc.  of  a    i  :  200  solution  of  phlorizirK^    -^ 
(hence  0.005  Sm)  'S  injected  subcutaneously  (a  small  dose  is  choseic    ^ 

which  will  produce  glycoi^uria  in  only  normal  kidneys).     The  blad *' 

der  is  emptied,  then  sugar  tested  at  intervals.  In  normal  persons  ■*'■ 
sugar  is  evident  in  one-half  to  one  hour,  and  it  lasts  two  to  four  hours 
The  quantity  eliminated  is  0.5  to  2.5  gms.  of  glucose.  In  nephritis 
as  a  rule  the  sugar  is  below  0.5  gm.  or  there  is  none.  Abnormalitiers  ■^ 
in  the  test  may  not  always  indicate  renal  lesion  but  more  or  less  -^ 
functional  dislurhance  of  that  organ.  The  test  does  not  permit  tc^— < 
separate  the  various  forms  of  nephritis,  the  "  hypoglosuria,"  anc:*-  -< 
"  analglycosuria"  occurring  about  equally  in  all  forms.  Yet  it  is  ^  ^ 
good  test  of  renal  activity  and  tests  a  quite  different  function  tha^r  -" 
the  others.''' 

The  Value  of  these  Tests  to  the  Surgeon In  the  medical  ward-^Bs 

these  tests  may  be  said  to  add  to  the  clinical  pictures  of  cases,  but  fo^:^^'' 
diagnosis  not  much  weight  is  given  them.  For  surgical  conditions  th^^f 
case  is  very  different,  and  these  tests  are  of  great  value,  when,  e.g.,  tl= — 'f 

'"Ceniralbl.  f,  inn,  Med.,  igo3. 

'"  Zeils,  f.  klin,  Med,,  igo.i.  vol,  xlviii,  p,  157. 

'"  Pugnat  and  Revilliod,  Arch,  gen,  de  ined,,  1902,  vol.  viii.  p.  19. 
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■  (jutitioi)  is  the  justiflcaiion  of  removing  a  diiieasccl  kidney.  In  such  a 
B  cue  the  first  <|u<.-stion  is,  the  prcsciKC  of  anoilurr  kidney ;  iKe  second  is, 

■  can  this  second  kidney  do  tlie  work  of  botli?  To  decide  these  qiwstions, 
I  if  by  means  of  ureteral  catlietehzation  we  can  separate  (he  urines  ex> 

■  (Ttttil  at  the  same  time,  a  comparison  of  these  is  of  vahie  in  dclermin- 
H  ing,br»t,  the  prticncc  of  the  second  kidney;  second,  tlic  relative  values 
H  of  Iheir  activity:  while  the  freezing  point  of  the  blood  will  <leteniiin€ 
H  flcir  united  insufficiency ;  i.t*.,  as  in  medical  gisw.  if  lowered,  a  con- 
B  ininJicatiun  to  operation.  It  is  of  interest  that  the  confidence  in  these 
I  it5tsof  the  medical  men  h.13  decreased,  of  the  surgeons  increased. 

H  The  chief  difference  Iwrtweeii  ihese  two  [>nint.'>  of  view  may  be  that 
H  surgical  cases  arc  chiefly  of  renal  disease  which   destroys  all   renal 

■  function,  while  anionic  the  medical  cases  there  are  so  many  in  which  all 
H  the  functions  which  can  be  tested  are  normal,  but  that  unknown  but 
I  ill-important  one.  failure  of  which  means  nrarmia,  cscajies  iletec- 
B  t'wi.  Kiimmel '"  stated  that  he  had  in  a  long  experience  (in  over  500 
V  OpES)  never  been  deceived  by  cryoscopy  of  the  blood,  and  Casper  and 
"•SSicr  "■''  consider  the  cryoscopy  of  the  sqiaratcd  urines,  and  the 

phlorizin  test  to  determine  the  amount  of  sugar  eliminated  by  each 

kidney,  neither  test  alone  but  the  agreement  of  both,  of  actually 

Sweater  value  than  the  microscopic  or  gross  examination  of  the  renal 

'issue.     The  .surgeons  take  it  for  granted  that  the  secretion  of  two 

lonnal  kidneys  at  the  same  time  is  quite  equal.    ( -\lthough  it  may  vary 

"ludi  at  <lif?erenl  limes,  even  in  eiglu  niiimtcs  reaching  in  normal  jwr- 

*ons  figures  which  would  be  considered  pathological,  hence  the  col- 

'^lion  from  the  two  must  l>c  simultaneous.     Casper  and  Richer.) 

Others  think  that  for  short  intcrv;ils  the  renal  activity  is  scarcely  equal, 

and  that  at  least  two-hour  specimens  should  be  collected  to  be  sure  of  an 

*<|uality.     The  kidney  can  be  said  to  be  insufficient,  when   j    is  less 

than  — 1°  C,  unless  the  urine  lie  diluted  by  recent  intake  of  fluid. 

Tlie  methylene  blue  test  is  of  less  value,  since  one  cannot  well  sepa- 
rate the  urines  for  so  long  a  time  as  would  he  necessary  to  determine 
V>cginning,  end.  and  intensity  of  output:  yet  the  surgetjns  do  use  it  to 
lesi  whether  the  fluid  from  a  sinus  is  urine,  e.g.;  the  phlorizin  test  i& 
more  valuahte,  since  one  can  determine  these  three  points  by  letting  the 
catheters  remain  in  the  ureters  but  three  hours,  but  even  that  is  not 
necessary,  since  the  difference  in  amoimt  of  sugar  excreted  by  the  two 
kidneys  simultaneously  is  an  index  of  the  rchitive  amount  of  renal 
activity  on  the  two  sides:  since  normally  their  excretion  is  equal.  The 
urine  should  Iw  examined  by  the  ]K>lariscope  in  from  one-half  to  one 


Bd.67. 


'Ceotralbl.    (    Chir..  igoj,  vol,   xxx.   U    p    iio;  ilw  Arch.   (.  kiln.  Oiir. 
'  Functional  Diagnotit  of  Kidney  Disease.  1903. 
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liuiir  after  the  injection.  Barth.'"*  who  used  the  method  of  Casper  at 
Richer,  says  thai  examination  of  the  separated  urines  gives  not  an  a 
sulutc,  but  a  relative  picture  of  the  functional  ability  of  the  two  kidnq 

Gobeil  "■"'  also  delerniines  only  J.  and  warns  one  that  he  cami 
trust  these  functional  tests  imphcitly.  The  patient  should  be  for  $c\xi 
days  on  a  constant  diet,  the  ureters  cathetchzed  at  the  same  tinie  ait 
a  meal,  and  the  catheters  left  in  place  two  to  three  hours  lo  ci>!lect  tl 
urine,  (■"rom  j  one  cannot  tell  whether  or  not  the  remaining  kidm 
will  Ijc  sufficient. 

The  diUniun  test  has  proved  of  very  great,  soine  say  the  iwft 
value  to  the  surgeon,  the  dii^eased  kidney  not  responding  as  well  as  ll 
other.  The  catheters  are  left  in  place  for  from  three  to  five  hours.  Tl 
urine  is  first  examined,  the  patient  drinks  1.5  to  2  litres  of  water.  » 
the  voiding  for  each  kidney  is  examined  especially  with  reganl 
amount  and  A. 

The  increased  output  on  the  normal  side  may  begin  during  the  se 
ond  half-hour  and  reach  a  iiiaxinium  in  from  two  to  three  hours;  f 
diseased  side  may  show  no  increase.'^' 

Kiimmel,  on  the  other  liaml.  considers  the  freezing  point  of  t 
blood  more  important,  and  mentions  72  cases  of  nephrectomy  withe 
a  mistake  in  judgment  concerning  the  sufficiency  of  the  second  kidm 
whether  sound  or  slightly  diseased.  As  a  proof  of  the  value  of  cr)") 
copy  he  states  that  Irefore  its  use  mortality  of  renal  surgery  was 
per  cent. ;  since  its  use.  8  per  cent. :  and  of  nephrectomy.  4.8  per  cei 

Kiimmel  found  in  those  cases  in  which  there  was  an  unconfirm 
suspicion  of  renal  trouble  a  constant  8  of  o.$6'\  with  0,54"  to  0.58' 
limits.  (These  figures  all  refer  to  depressions  of  the  freezing  poi 
When  one  says  8  =  0.56^  C.  he  means  that  the  freezing  point  w 
depressed  that  much,  thai  is.  that  the  lemperaiurc  of  the  freezing  mi 
lure  was  — 0.56°  C,  or  t°  = — 0.56°  C.)  In  the  second  ^oup  w 
disturbance  of  total  renal  function,  bilateral  nephritis.  pycli>nephril 
etc..  with  !  =  o.6o^  to  0.65".  limits  0.59"  to  o.8t';  in  these  surgii 
cases  of  ursemia  (prostatic  cases  e.g.)  was  a  definite  parallelism  1 
tween  the  molecular  concentration  and  the  ura-niic  symptoms.  In 
long  interesting  series  of  cases  of  other  than  renal  disease  he  findi 
practically  nonnal.  He  says  that  for  him  0.6"  is  the  limit  of  safe 
If  below  this  limit,  although  the  one  kidney  may  nut  be  strictly  n< 
mal,  yet  it  is  sufficiently  so  to  do  the  work  of  both.  The  third  gro 
is  a  long  series  of  cases  of  unilateral  disease;  when  strictly  uiiilaier 
in  all  8  was  normal.  In  such  cases  ureteral  catheterization  showed  > 
tlic  affected  side  J  low  and  urea  diminished,  while  the  otiicr  side  w 

"•  Ccntralbl  f  Chir.  looj.  vol.  xxx.  H.  p.  154. 

■"Miinch.  nied   Woe  lien  schr.   igoj. 

"•  Ulyia  and  Kwcsi,  Bcrl.  klin.  Wochenichr,  1903,  p.  33I. 
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nonnal.  In  cases  of  apparently  unilaterai  disease  with  8  normal,  in 
00  case  did  subsequent  history  show  that  there  had  been  a  bilateral 
disease.  Cryoscopy  may  also  be  used  in  differential  diagTiosis;  e.g., 
if  ihe  question  lies  between  renal  calculus  and  hemorrhagic  nephritis 
with  unilateral  pain,  a  high  8  would  speak  for  the  latter;  in  prostatic 
hypertrophy  the  presence  or  absence  of  an  ascending  disease  can  be 
settled  by  determining  8 ;  that  a  tumor  is  renal  can  be  suspected  by 
&t  low  J  of  that  side. 


CHAPTER    III 
THE   STOMACH    CONTENTS 

THE   VOMITUS   AND   GASTRIC   CONTENTS 

The  various  forms  of  vomiting  have  been  groupec!  as  follows: 

Cerebral :  in  brain  ami  cord  disease,  as  tabes,  insular  sclerosis,  men 
iiij^itis  of  brain  or  cord,  cerebral  ansemia  or  hyperaemia,  concussion  o 
the  brain,  brain  tumors,  etc. 

Toxic :  opium,  tobacco,  ether,  chloroform,  alcohol,  uraemia,  did 
a-niia,  prcf^^iaticy,  cl  al. 

I'sychical:    disjjusl,  fright,  anger,  and  other  strong  emotions. 

I'eriixlic:  "cyclic,"  '"recurrent,"  a  form  with  sudden  attacks  c 
vv>miting.  i»ften  without  apparent  cause,  and  sometimes  accompanic 
by  intermittent  h>i>enrblorhydria.  There  is  evidence  that  some  t 
thifse  cases,  esjjecially  of  children,  and  which  resemble  a  secretory  nei 
ivsis,  are  due  to  an  acidosi*.  i..„  an  autointoxication.' 

Nexirasthenia  ami  h_\-*teria ;  especially  the  latter :  In  an  interestin 
case  i»i  very  »ibstinatc  \omiting  ol  neurasthenia  lately  in  the  war 
the  w»>nKtn  repeateilly.  three  to  four  hours  after  the  stomadi  w; 
wa.-ihttl  (Hit.  would  vomit  three  to  four  ounces  of  bile-stained  fluid. 

Retlex :  as  in  peritonitis,  strangulati  >n  of  the  bowel,  sexua)  di 
turtvujces,  cluilelithiasis,  renal  colic,  intestinal  worms, 

l.iva!:  (l',:e  t>>  sra>:r:c  coTni't-v^r,*.  whether  aci:te  or  chronic,  at 
e#'.xvM"y  :':;>?<•  "::r.  >:.i>i>  %  :'  ;':•.«  sr^siric  c  ";er.:<. 

The  Vomitus  and  General  Considerations  concerning  the  Gasti 
Contents, — i,  ,  ::>:,! tT,\':\c  "-..ly  V  ■e::,r--e-:  :r  zr.  \-t.\- :::•■.  ye:  tess  th: 
:r.:-.'  ;i  ;es;  "tc,;"  '.""'e  ir^  ss  r.^pec',:  r.  is  \j'':i>!e-  ::>  rr.icrosoipic 
ex.-.— V',i!:.:-  tts,-;  s.\  ,;:-.,;  'If  oVeTvir-i"  rter.  ::- slea  iir.i:.  fr  we  seldo 
k::.  ■.\  :t-.e  *--■'■:■  -;  :  :':c  >:  "t-.u-;-.  -.'re.T.us  ;  -he  ~ei!  which  is  vor 
i:e>,'.  r..-r  :,''-\.v-^  '.''c  oh.ir-.u:er  :  ihs  rxdl.  i:  Teas:  we  are  sure 
w  .is  • :  ■"  ~  >:;.r  .".i'  -  :v.,i'.;v  ,v.  -iV'  ■."•.: :  ±e  :::tx  elerreni  cannot  1 
sVi"  'Ti\'.  .-.".;  ■:  V-  ":-■-:-■>  "-.:~:s  in:  sah-a  frxr:  the  :r---'.:th.  O 
te>:  "■<-■."  -■■-".'^sos.  ."  ■■  '.-C'-e-'.    "■.:!"  ;'~e  c^.J:s^:     -  cti^   -h<ser.:ng  ; 

-•■  :  ■i.^-v  "'    ":s.  /,-s  ;  :  •■  >.i:-:a^':  '^"-  '■•ler-."^  :he  exirr.:r.ation  i 

■.,•■••■:.-,  ,:-,;-■:  ■-  —  -:i  —  ■><  a—XA-v.-o;    S  e- ;r:  e^^  >  . 

■"-<  <:>.--■  -\  :  ■.  -  :vs.  -■—.''  '.'~<i  c\ci^c.:r  ,:'  i  few  cases  t 
,1, "■•-",„  ;1'-  si;  ■■■:  -   -:;>-:--.■.'  .--•:;•">  — xe-."   ir.\  i  few  ca^es  '^t  cancc 

:-w     ■       X--  -c   ■--   '    '  ""vs;-:  -:    s  .-.-  -.-T:>mr,:  ■>:rr.t  t^  exdtid 
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The  character  of  tbc  voniiliis  is  importam;  abtiiidaiit,  thin,  acid 
ui'l,  with  food  catcji  the  previous  day,  means  dilated  stomach;  very 
fluid,  strongly  acid  juice  free  from  food,  means  coiitiiuiotis  secretign; 
Dim  acid  t1iii<l,  with  finely  divided  fnigmeiils  uf  food,  occurs  in  ulcer; 
ihid(  masses,  witli  much  muctis  and  ponrly  digested,  nftcu  dceom- 
poiing  meat,  occur  in  camrrh  and  cancer  of  the  stoniaclr.  ahnost 
uiidiKcsTed  food  tn  nervous  voiniting.  If  the  vomiting  occurs  at  the 
bcigiit  of  digestion  and  (hiring  a  paroxy.oii  of  pain  which  at  once 
diminishes,  ulcer;  if  during  or  shortly  after  eating,  cancer,  catarrh, 
ut  a  neurosis;  indefiendent  of  eating,  also  nioniiiigs  before  breakfast, 
sail  <){  not  only  mucus  and  bile  but  also  food  remnants,  cctasis.  Cere- 
bral vomiting  is  often  marked  by  a  noticeable  absence  of  straining  or 
tllort;  vomiting  on  rising  in  the  tnorning  it>  suggestive  of  pregnancy, 
or.  ill  the  case  of  men,  of  alcoholism;  with  cancer  at  tlic  cardiac  ori- 
fice, vomiting  follows  a  meal ;  at  the  pylorus  or  pyloric  stenosis  due 
Id  atiy  otiicr  cause,  later,  and  at  longer  intervals,  and  large  in  aninunt, 
A  very  slight  uloou  streaking  of  vomitus  and  giistric  contents  is 
ofnn  moment,  since  from  the  effort  of  vomiting  or  by  tlie  stomach- 
tube  slight  lesions  of  the  (esophagus  or  pharynx  may  result. 

Bile  and  Pancreatic  Secketion. — Traces  of  bile  are  often 
preitjit  in  vomitus  from  a  fasting  stomach,  at  the  end  of  lavage,  and 
if  vrnniiing  attended  by  severe  retching.  This  has  no  signilicance 
luilws  it  l)e  c<tnstanlly  present  and  there  has  Iwen  no  straining  suHicicnt 
h)  fijice  bile  from  the  duodenum  into  the  stomach.  In  case  it  is  con- 
sanity  proent.  it  might  indicate  stricture  of  the  duodenum  below  the 
impulla.  On  the  other  hand,  a  green  color  does  not  .always  indicate 
toe,  since  a  few  cases  arc  recorded  '  of  "  grass  green,"  "  sea  green," 
"fiatk  green"  vomttus,  the  color  of  which  is  due  to  alg-T  or  at  least  to 
dilorciphyll-colored  protophytes.  Bile-stiiined  vomitus  was  particularly 
t^mmon  from  an  almost  empty  stomach,  less  so  from  a  full  in  which 
ti*eiliere  would  Ik;  more  counterpressure  against  the  pylorns.  prevent- 
H  tite  regurgitation  of  bile.  For  this  reason  it  was  thought  the 
iiiniilus  of  perittmitis  was  more  often  bile-stained  than  of  cerebral 
t"«i!iles,  since  in  the  former  cases  the  stomach  is  more  often  empty. 

ilt'Ctfs  tn  llie  vomitus  is  almost  constant.  Seldom,  however,  does 
It  inilicatc  gastric  catarrh,  a  condition  which  is  rare  comiKired  with 
iJk  niimber  uf  times  that  the  diagnosis  is  made.  It  may  be  <luc  to 
RIarrh.  but  more  often  to  lack  of  hydrochloric  acid  and  hence  lack 

"'  flrgcstion  of  the  mucus  th-it  is  normally  secreted,     A  vomitus  of 

"%  mucus,  or  one  containing  large  amounts,  is  seen  in  the  morning 

tflmitus  of  alcoholics. 

LaTgt  amoimts  of  acid  gastric  juice,  sometimes  pure,  sometimes 

niixed  with  ffKKl.  are  common  in  cases  of  hypersecretion,  the  fanner 

*See  Kuhm,  Zeiuchr.  (.  inn.  Med.,  1903,  No,  aS;  1903,  No.  i. 


)SIS 


especially  in  cases  of  gastroxynsis,  a  neurosis  with  periodic  aiucki 
of  acid  vomiting.  If  food  be  present  in  this  case  tlic  protcid  will  be 
well  digested,  ilic  starch  less  so. 

Tlie  vomiting  of  large  amounts  in  which  is  food  eaten  two  or  ihiw 
days  previously  rtcciirs  in  cases  of  stricture  of  the  pylorus  with  dilUa- 
tion  of  the  stomach.  Of  this  vomitns  the  protcid  w  ill  be  piiody  dij;ested 
and  badly  fennerited  in  case  of  cancer,  eic.  well  digested  willi  fer- 
mentation of  carlmhyiiratcs  in  benign  cases  due  to  nicer,  etc.  this 
dcpniding  on  the  presence  or  absence  of  hydriKhloric  acid. 

J'rcai.  vomitixg  results  from  coniplele  obstruction  of  the  ileuni 
or  the  atlon.  and  in  peritonitis  or  other  condition  with  paralj-iis  oi 
the  intestinal  wall.  The  successive  vomitns  are  more  and  more  fecal 
and  hence  it  is  easy  to  say  approximately  from  what  part  of  the  intes' 
tine  each  comes,  until  finally  we  have  black,  foul-smelling  contents  o 
ihe  colon,  which  microscopically  contains  vast  numbers  of  iKicteria 
Yet  the  absence  of  fecal  vomiting  docs  not  always  c^clndc  a  tola 
obstruction,  as  when  it  is  high  in  the  jejimnm.  for  to  have  even  i 
suggestive  fcc.il  odor  the  obstruction  must  be  at  least  six  feet  from  th 
pylorus. 

RrcE-WATER  voMiTus  is  sccii  in  Asiatic  cholera.  It  is  very  fluii 
and  filled  with  white  Hakes  nf  nuicous  shreds  and  epithelial  cells  ($< 

page  343)- 

From  the  color  and  the  oilor  of  the  vomitus  cases  of  poisoning  a 
alcoliolism  may  Iw  suspected.  In  urxnilc  cases  it  has  an  ammiMiiac) 
odor. 

Some  idea  of  the  niotilily  of  the  stomadi  may  also  be  obtaiiw 
since  if  any  food  is  vomited  seven  hours  or  more  after  the  last  mea 
motility  is  certainly  diminished,  although  this  may  be  a  verj-  temp< 
rary  condition.  Ai  the  end  of  two  or  three  hours  pfirticles  of  mei 
should  be  swollen  and  show  considerable  evidence  of  digestion.  ) 
the  end  of  one  hour  bread  should  lw\c  been  broken  up  to  a  fin 
crumbly  sediment,  which  settles  to  the  bottom  of  the  glass.  If  there  ai 
large  particles  of  bread,  and  especially  if  these  arc  coated  with  inucu 
hydrochloric  acid  is  quite  surely  diminished. 

The  chemical  andyns  of  vomitns,  as  stated  above,  is  exceeding" 
unsatisfactory.  If  free  hydrochloric  acid  lie  present  we  are  sure  th; 
it  is  secreted,  but,  if  absent,  wc  can  draw  no  conclusions.  In  gencrs 
it  may  Iw  said  that  normally  both  free  hydrochloric  acid  and  peps 
are  present  two  hours  after  a  mixed  meal.  ^ 

Lactic  acid  may  be  expected  after  a  mixed  meal. 

The  micToicopicftl  examination  i<  also  unsatisfactory,  since  normal 
both  intact  muscle-fibres  antl  starch  granules  pass  to  tlie  intestine. 

'nie  antisfpfic  condiliott  of  the  stomach  may  also  be  judfrcfi  Tl 
presence  of  organisms  may  be  due  either  to  the  absence  of  hydrc 
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idit  or  to  stasis.  The  vomitus  may  be  foamy  and  have  tlie  odor  of 
buijric  or  oilier  organic  acids.  In  case*  with  free  liydmdiloric  acid 
and  severe  stasis  the  majority  of  orgaiiianis  are  yeasu  and  sarcime; 
in  lighter  cases  of  stasis  the  fluid  is  sterile ;  in  those  cases,  as  uf  cancer. 
VtAoul  free  hydrochloric  acid,  bacteria  predominate. 

TuMOB  FRAGMENTS  occur,  but  arc  rarely  found.  In  the  vomittis 
Bay  be  found  round  worms,  segments  of  tajie-worm,  oxyuris.  mag- 
gQii.  etc. 

Examination  of  the  Fasting  Stomach. — While  from  the  normal 
bnbg  stoniacli  theoretically  no  fluid  should  Ix-  obtained  through  the 
aomach  tube,  yet  it  is  very  cnmniun  to  get  fr^mi  lo  to  50  cc.  of  an 
icid  gastric  juice.  There  is  considerable  discussion  as  to  what  amount 
itcenaiiily  abnurnial.  and  the  limit  given  by  Boas  of  100  cc.  is  a  safe 
Mc,  Thi.**  much  means  liy|)ersecrelion  or  motor  insiifiiciencj'.  The 
guniion  may  be  settled  by  washing  the  stomach  out  at  night:  if  due 
to  motor  insulTiciency.  the  stumach  will  be  empty  in  the  morning.  Rie- 
Jci  insists  that  the  fasting  stomach  is  always  cniply.  even  a  little  true 
fasirk  juice  is  pathological,  and  that  the  feu-  cubic  centimetres  found 
is  not  normal  digestive  fluid. 

The  fluid  from  the  fasting  .stomach  is  thin,  specific  gravity 
'004  to  1005.  contains  some  free  hydrochloric  acid,  no  lactic  acid,  and 
"*»  bacteria.  It  is  very  commonly  bile-stained,  but  this  is  not  important 
inless  repeatedly  so,  in  which  cisc  duodenal  stricture  may  be  suspected, 
''  niay  be  alkaline  from  the  presence  of  pancreatic  juice,  in  which 
ca«c  trypsin  should  he  tesle<l  (see  page  354).  Should  the  fluid  be 
fteutral  or  even  acid  from  hydrochloric  acid,  soda  must  be  added  at 
Once  to  prevent  the  destruction  nf  the  trypsin,  'Ilie  presence  of  ab- 
normal amounts  of  mucus  may  lie  determined,  such  as  occurs  in  an- 
*cidity.  atrophy  of  the  mucous  membrane,  etc..  but  considerable  wash- 
ing 15  necessary  to  dislodge  the  nuicu-s  from  the  mucosa. 

Teat  Meals. — The  Ewalo-Boas  ti;st  uheakfast  consists  of 
■white  bread,  about  40  gins,,  water  or  tea  without  sugar  or  cream. 
abmt  400  cc.  The  bread  should  be  cheivcd  very  fine.  This  breakfast 
»s  to  be  removed  in  just  one  hour.  Usually  30  to  70  cc.  are  obtained, 
of  ^jecific  gravity  1012  to  1020,  If  200  to  300  cc.  are  gained,  there 
•s  hypersecretion,  motor  insuflicicncy.  or  perhaps  disturbed  absorption. 
Rikuel's  meal  consists  of  one  plate  of  beef  soup,  from  150  to 
*W>  pns.  of  beefsteak,  and  1 50  gms.  of  nmshcd  potatoes.  It  is  to  be 
^^TKivcd  in  from  three  to  four  hours. 

Riegel  and  others  have  emphasized  that  a  test  meal  should  be  one 
^  Vihich  the  patient  is  accustomed.  For  this  reason,  in  fiermany  the 
'^''eakfast  consists  of  bread  and  tea  or  water,  and  the  test  meal  of  beef 
^c,,  since  this  is  a  fair  sample  of  the  diet  to  which  the  Gennan  laborer 
**  used.     Both  Fwald  and  Riegel  also  insist  that  the  meal  should  be 
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given  at  tliat  time  of  Uie  day  at  which  the  patient  is  accustomed  to' 
ingest  a  meal  of  tliat  character.  But  in  this  country  such  nica[i»,  particu-, 
larly  the  Ewald  breakfast,  arc  not  customary,  arc  not  in  the  least  tike 
ours,  and  yet  Aniericari  observers  quite  uniformly  use  this  breakfast, 
overlooking  the  fact  that  one  cannot  test  noriiul  physiolc^ical 
phenomena  with  abnormal  meals. 

Again,  meals  should  be  chosen  with  reference  to  the  case.  Not 
only  docs  the  average  fare  differ  in  different. countries  and  in  different 
grades  of  society,  but  the  important  individual  peculiarities  of  taste 
and  habit  cannot  be  lotally  disregarded.  In  adt>|)tiiig  these  two  Ger- 
man meals  \\c  therefore  entirely  neglect  the  two  important  points, — 
that  the  meal  should  be  one  to  which  the  patient  is  accustomed,  and 
given  at  the  hour  at  which  he  is  accustomed  to  take  it.  It  is  small 
wonder  that  many  arc  scc|)tical  as  to  the  value  of  their  use.  But  the 
work  of  physiologists  ( I*awIow)  has  shown  that  in  the  secretion  of 
gastric  juice  the  psychical  element — th.^t  is,  the  iiithicnce  of  taste,  sight 
and  smell,  etc. — is  almost  equal  to  the  chemical  clement, — that  is.  the 
stimulus  from  the  absorption  of  soluble  products  of  gastric  diges- 
tion,— aii<l  since  the  Ewald  breakfast  is  certainly  unpalatable,  it  U 
perhaps  valuable  for  that  reason,  since  it  rules  out  in  some  measure 
the  former  factor,  and  while  to  find  diminished  acidity  may  not  mean 
much,  yet  hyi>craci<lity  does  mean  that  there  is  certainly  some  trouble 
present.  Many  .'\niericans  appreciating  these  facts  have  attein])ted  to 
intro<luce  meals  for  .-Vmcrican  patients.  Of  course,  no  two  persons' 
tastes  are  alike,  yet  we  can  select  as  standard  a  meal  more  like  our 
patients'  diet  than  the  al>ove.  FtsoieR's  mi;ai.  is  pcrli,-ips  as  gixxl  as 
any.  which  consists  of  the  bread  and  water  of  the  Ewald  breakfast 
plus  a  quarter  of  a  pound  of  finely  chopped  lean  beef  broilet)  and 
slightly  seasoned.    It  is  to  be  removed  in  three  hours. 

I  Fischer  hat  shown  by  comparing  remits  with  hU  himI  with  ihuse  at  tM 
j^Hald  breakfast  ihat  ihot«  with  his  arc  much  niurc  conttaiii  (ban  with  tlie  Iaiict 
Pbr  imtancc.  repeated  examinaiion«  were  made  wUh  the  Ewald  bmkfaU;  in  4^ 
per  cent,  of  ihe  cjiscs  the  liiKJiiigs  with  the  later  me^U  were  quite  ttiffcrcnl  (riwq 
those  with  llic  earlier.  With  hii  meal  (here  wat  need  o(  chaiigittg  llie  diaiciiofis  i« 
but  about  8  per  rent,  of  the  C3*«.  Using  both  meal*  in  the  same  cases,  iu  6?  pes 
cent  ilicy  B&oe  ttniilar  reftiltf^,  i8  per  ceiii,  of  Ihotc  showina  hyperacidity  wtlh  th* 
Evatd  mcnl  .^howed  lesi  with  hii  meal,  and  in  lit  per  cent.  more.  Of  the  aabacidiis 
casci  with  llie  Ewald,  ,io  per  eccil.  were  normal  by  hi*.  In  variou»  clinicit,  »«  hat*" 
no[c<l  that  several  mciK  were  ii:ied,  the  Ewald  meil  giving  some  idea  of  what  <i^ 
Uomaeh  will  do  when  an  indilTcrcnl  meal  i*  civeii  which  excite*  but  lilllc  tecretitra 
llw  Riegel  indicaling  the  pos'ibililics  when  there  i*  grc.iter  tax  upon  the  tecrewcz 
cell*.  Some  ean  handle  the  lett  breakfast  well,  but  cannot  llie  larger  meal.  «l^ 
Other*  renpond  well  only  to  ihc  greater  itimnlui  Pisehcr  gives  wveral  po"  i 
which  might  aid  in  difTereniial  diagnotit  baied  on  the  ii'e  of  iwo  mealt.  C— S 
ccrning  the  diagn^>li^  of  ihe  anatomical  lesion  he  '.lyji  thai  if  the  stomaeb 
subacid  to  the  breakfast  hui  normal  after  a  proteid  meal,  we  can  Male  tltii 
«:crctoTy  itruciufc«  aic  norma),  and  may  lufpect  that  atony   with  i.' 
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r     pnmct  of  food  tia»  rcndctcd  ilic  muciisa  kss  sr(iMtiv«:  if  subacid  10  ihc  pruieid  ^M 

■mIu  well  as  lo  the  brc.tkfaM,  il  indicnirs  orgnTtic  cliAiii[«4:    if  iiibiicid  to  ihe  ^H 

braUui  bill  bnKTacid  wiih  u  proivid  meal,  il  could  im-an  daiwwt  iniitm-alion;  ^H 

rile  Bme  is  uuc  if  hnicfneid  lo  ihc  brcnlcfnti  and  norni.il  lo  llic  UiRet  mcsl;  ^H 

ii  de  hyperacidity  of   ihr  breakfast  mniinucs  and   increaic«   with    the  proieid  ^M 

nul  "DC  may   loipeci  a  probftblc  incrcaw  of  oxymic  «-ll*.  since  the  s«r»lion  ^M 

il  wt  in  propurrion   to  the  ilinitilus.  especially  if  the  *eerction  cominiie*  icTcral  ^M 

Imin  after  the  titcat.    If  the  symptoms  and  the  increased  accretion  both  diminish  ^M 

lil«  iht  meal.  ilisliirb«it  innervation  may  lie  Miispccled.     He  aUo  emphaiircs  llic  ^M 

ha  tlial  certain  ca*vt  of  dyipcpfia  which  hnvc  been  oii  an  altnoM  starvation  di«t  ^M 

fvwme  time  need  to  be  fed  iip  pn-tiy  well  before  a  leM  meal  i*  given.    Thi>  may  ^M 

oat  a  gastric  upset,  bat  the  Dare-up  of  Ihe  condition  will  be  an  advantage  iii  ^M 

tbi  diaftMMit.  ^H 

In  all  cases  we  should  be  sure  that  the  stomach  is  empty  hcfore       ^M 
Aemeal  is  given.    This  may  be  done  in  the  case  of  the  bi^akfast  by       H 
laiage  the  prece<]ing  night,  unless  experience  leaches  us  thai  ihere       H 
I     il  in  this  case  no  motor  insufficiency.    The  patient  should  get  used  to       H 
the  meal  and  to  tlic  tube,  and  hence  the  first  meal  is  i^eldum  of  any       fl 
Tiluf.  and  the  secon<l  should  be  confirmed  by  at  least  one  other.       H 
Another  point  on  which  sufficient  emphasis  has  never  been  laid  is  that       H 
Ihe  meal  should  be  removed  ai  the  time  of  optimum  secretion.     Tlie       H 
EmM  lest  breakfast  should  not  always  be  removed  at  the  end  of        H 
sciTy  minutes,  nor  the  Riegcl  at  the  end  of  five  hours.    With  the  Ewald        H 
1>nakfas[.  as  is  ea.'^ily  seen  by  the  study  of  cases  in  which  meals  are        H 
rtmove<l  at  different  intcr\-als.  in  some  cases  with  rapid  motility  the       H 
raaninniin    acidity    is   attained    in  forty    minutes,   in    others   in    an       H 
Wand  a  quarter.    In  either  case  if  the  meal  be  removed  at  the  end       H 
i  jim  an  hour,  an  erroneous  idea  will  be  gained  by  the  low  acidities        I 
''jfflld.      Another   pnim   particularly    important   in    neurotic   cases    is 
lliat  the  time  at  which  the  meal  is  given  should  be  chosen  with 
"tference  lo  the  symptoms,  since  at  other  times  than  during  the 
"fn-ous  disttirbances  Ihe  gastric  condition  may  be  nonnal. 

Many  other  meals  have  been  proposed,  e.g..  the  whites  of  two  hard- 
^led  eggs  and  too  cc.  of  water  (Jaworski  and  Gluzinski).  and  much 
''lore  complicated  ones  ( Pfatindler-Sahlt,  et  a!.).  We  have  tried 
Hutrose  lo  some  extent,  in  the  hope  that  the  pure  proteiil  meal  wouUl 
leach  more  concerning  the  products  of  proteid  digestion.  Tliis  meal 
*S  not  at  ail  appeiizing,  and  was  given  up. 

While  it  has  long  been  recognized  that  we  were  foolishly  fitting 
*o  the  American  stoitiach  European  meals,  and  need  new  stantL-trds 
'f^^'illiiwiiig  Ihc  use  of  .American  meals,  yet  in  a  general  way  much  has 
l>««i  learned  from  these  two  meals. 

Acidity  of  the  Gastric  Juice. — Tlic  t!tiid  removed  after  the  test 
HTral  (ir  breakfast  should  lie  first  tested  with  litmus.  This  will  indi- 
cait  acidity  in  general,  which  may  be  <lue  tn  hydrochloric  aciil  free 
orhcnmd.  to  organic  acids  should  they  be  present,  and  to  acid  salts.  j 

In  Ihe  great  maiority  of  cases  the  litmus  wilt  show  acid;    in  a  very      ^^ 
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few  cases  the  (Uiid  is  alkaline.  In  a  recent  case  of  cancer  in  die 
wards  tlic  fresh  Huid  was  alkahiie  to  lilniiis.  It  cuntained  many  pu 
cells.  The  next  puinl  is  the  iirtscncc  ot  free  acid,  and  Congo  red  is  ll 
indicator  usually  used,  indicating  free  organic  or  inorganic  acid. 

Tlie  tesLs  for  free  hyijrochi-oric  acid  are  all  of  tliein  color-tesi 
The  first  and  perhaps  llic  toninioncst  used,  .since  it  is  the  easiest, 
the  alxjve-nieiitioned  Congo-red  paper.     Free  hydrochloric  acid  w 
turn  this  to  a  sharj)  blue,  while  free  organic  acids,  even  in  stnjng  co 
tcntration,  will  give  a  much  less  definite  blue.    A  trained  eye  usual 
has  no  difficiilly  in  recognizing  from  this  test  alone  whether  it  be  fr 
hydrochloric  acid  or  free  lactic  acid  that  is  present.     Acid  salts, 
strong,  give  a  positive  test  with  Congo-red,  but  they  do  not  occur 
this  concentration  in  the  stomach. 

Mtfihyl  violcl  is  the  indicaiur  fir»t  itiRKCMeil  by  V.  d  Velden.  who  ft 
showed  llic  presence  of  free  liydrnctilnrk  Bciil  in  ihe  Ba<tric  juice'  This  it  a  w 
sat isf actor jt  tMt.  One  drop  o[  ihe  saturaied  aqueous  or  alcoholic  »oIutio«i  of  mell 
violet  is  mixed  wiih  water  in  a  ic!^t-iube  imiil  [he  color  ik  a  pale  violei.  Tl 
is  divided  in  two  Icsl-lubei:  lo  the  one  is  added  Ihe  filtered  g»atric  |ui«e, 
the  other  the  same  amount  of  water.  Free  hydrochloric  aeid  will  [um  the  rio 
to  a  fine  blue  color.  Ii  requires  a  much  1ar|[cr  amount  of  organtc  acid.  Tl 
indicates  00^5  per  cent,  free  hydrochloric  acid 

Trupxolin  OO  has  hccn  used,  but  is  lets  teiuiiive  than  ihc  above,  indicati 
i>03  per  CL'iii,  In  this  caic  the  saturated  solution  if  used  in  the  same  way  as  \ 
methyl  vinlci.  If  free  hydrochloric  acid  Is  pmcnt.  the  yellow  is  turned  to 
reddish -ye  I  low  color.  Boai  suitiKsU  that  this  be  used  as  a  contact  test,  s  f 
drops  of  the  concentrated  solution  of  the  stain  being  wanned  in  a  porc«Iaiit  di 
and  hroiiglit  into  cuniact  with  a  small  amount  of  the  Ko^ilric  juice.  The  di 
U  then  warmed  over  n  small  tiame,  and  if  free  hydrochloric  acid  be  present  a  fi 
violet  or  true  blue  color  is  formed. 

Dimethylamidoazobenzol  is  most  commonly  used,  and  is  a  ve 
sensitive  indicator.  It  gives  a  pink  color  with  free  hydrochloric  aci 
but  it  reacts  also  to  organic  acids  and  acid  phosphates  in  concentratiffl 
which  might  occur  in  the  stomach. 

Gunzijerg's  solmion  ( Phloroglucin,  2 ;  vanillin,  1 ;  alcohol,  31 
is  the  standard  test.  One  or  two  drops  of  this  soUition  {which  shou 
be  kept  in  a  tightly  corked  blue  bottle)  arc  warmed  on  a  porcelain  di 
until  ju.st  dry.  One  drop  of  the  gastric  juice  is  then  allowed  (o  cor 
into  contact  with  this  and  the  warming  continued.  If  tree  acid 
present,  at  ihe  edge  of  contact  will  appear  a  beautiful  crim.son  lii: 
niiis  was  eonsitlercd  very  sensitive,  showing  0.005  per  cent,  of  the  fr 
hydrochloric  acid.  Now.  some  {e.g.,  Unlerherg)  says  it  is  les«  seni 
tive  than  others.  It  is  of  value,  since  it  indicates  nothing  but  fr 
inorganic  acids.  The  test,  although  so  easy,  is  often  spoiled,  sin 
the  solution  is  bunied  by  Ion  much  heating  and  a  bro\\m  non-characM 
istic  color  apppears.    The  fluid  should  not  be  allowed  to  get  ti»  old. 


•  Deutsch.  Arch.  f.  klin,  Med,.  Bd.  23. 
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It  is  to  be  emphasized  that  ilie  above  color-tests  are  for  free  hyilro- 
chtoric  acid;  that  is,  for  the  acid  in  excess  of  all  acid  binding  biKlics, 
such  as  proteids,  hexone  bases,  etc. 

Free  acid  is  present  in  the  stomach  after  a  carbohydrate  meal  in 
from  one-half  to  three-quarters  of  an  hour:  after  meat,  from  one  to 
one  and  one-half  hours;  and  after  milk  and  potatoes  in  thrce-iiiiartors 
of  an  hour. 

.Total  Acidity. — This  is  the  starting-point  in  all  gastric  analyses. 
This  figure  represents  the  highest  amount  of  hydrochloric  acid  which 
could  possibly  be  present,  and.  compared  with  the  amniiiit  of  free  acid, 
gives  a  good  picture  of  the  secretory  function  and  the  motility  of  the 
nomach. 

Acid  bodies  which  could  be  present  are  the  free  and  the  bound 
li)-(lrochloric  acid,  other  acids,  as  lactic,  butyric,  etc.,  and  acid  s.i!ts. 

To  lo  cc.  of  filtered  gastric  juice  is  added  an  imlicator.  Tcnili- 
DDmial  NaOH  is  then  added  from  a  burette,  stirring  the  fluirl  all  the 
time  until  the  first  change  nf  color  is  seen  throughout  the  whole 
volume.  This  titration  may  be  <l(jne  in  a  porcelain  dish,  a  l>eakcr,  rtr 
laErlenmeyer  flask,  the  latter  two  against  a  white  background. 

The  indicator  usually  use<i  is  phenolphthalein,  two  or  three  drops 
of  a  0.5  per  cent,  alcohol  solution.  Others  have  I)cen  proposed,  among 
Hiem  litmus,  cochineal,  methyl  rjrange.  Phenolphthalein  is  preferred 
Iwause  of  the  sharpness  of  its  reaction,  yet  it  is  perhaps  the  worst 
indicator  possible,  since  this  sharp  end  reaction  does  not  always  indi- 
cate the  point  of  neutralization  of  all  the  aci'l  elements,  especially 
since  ammonia  is  sometimes  present  in  no  small  amount.  The  rcas'in 
for  its  continued  use  is  the  desire  for  comparable  results  to  which  an 
flnpirical  value  may  be  given.  The  same  gastric  juice  will  give  very 
liferent  results  with  different  indicators,  and  those  with  this  are  to** 
li«li. 

Some  use  the  filtered  gastric  juice,  some  the  unfittcrcd.  shaking  it 
op  well  to  a  homogeneous  suspension,  since  the  solid  particle^  contain 
fdatively  more  of  the  acid  than  the  fluid  fj-^rtion*. 

Two  metho<Js  of  expression  of  results  are  in  vogue:  the  one  to 
Winate  from  the  amount  of  sodium  hydro.\ide  utd  thfr  c'l'iivalent 
Wwunt  of  hydnxhioric  acid.  The  numl>er  '-i  culiic  reritinnrtr*-.  01  the 
wdiimi  hydroxide  Uferl  multiplied  by  o.r^^.i''..;  gtr.  Cj-ril-  t'lf  .-itnodnt 
of  thisacid  In"  weight  in  10  cc.  In  the  ca-e  '■[' :  ■•■^\  :i':'!:'y  •■li-  -.viidd 
It  the  highest  pf^^siWe  amount  oi  hylr- r.::'y  r-.r.  a'-;-!  ■■:.■'■:  - -.nM  ],>• 
Prtsent,  hence  ha.*  the  advantage  f-i  statin?  'b.f.  'iti't  '.:•:.:'  ',i  ]>•...{ 
WitT,  although  a  certain  arr'-.-jnt  ■-.  f  t'tsl  a'i'!T*y  ;=  -■■.ri' .  r.-.'  -In'-  t.. 
Mrnchloric  add.  .\^  an  exact  -*.verT-.e-.t  ■'■■  tr-'h  '.h''  ■■•.i'i'i--.'\',j,  of 
J'*orstc-  ■?  usttaFv  £■  jno-wed :  that  :•,  :'r.e  r."r".*>^  '.?  •"'•.^•v  "^'irri'-T'"! 
of  Sm  alkali  wtikh  would  he  re^'jired  to  neij;ra!izc  fr^  ir.    of  0 
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gastric  juice,  and  to  this  the  term  "  acidity  per  cent."  is  applied.  Siiux 
lo  cc,  are  usually  used,  the  titration  figure  multiplied  by  lo  will  give 
the  acidity  per  cent,  without  reference  to  the  acids  which  may  be 
present. 

As  illustration :  if,  using  phenolphthalein  as  indicator,  lo  cc  of  the  juice 
required  8  cc.  of  tenth-normal  NaOH  to  neutralize  the  acids  present,  the  acidit; 
per  cent,  would  be  8o.  Supposing  that  HCI  were  the  only  acid  present,  then  the 
gastric  juice  would  contain  0.29  per  cent.  HCI.  To  avoid  confusion,  the  symbol 
of  percentage  is  never  used  for  "  acidity  per  cent." 

TABLE  OF   EQUIVALENTS. 

Acidily  Gravlowtric 

per  Cenl.  per  Cent. 

10  0.0365 

14   O-05 

20   0.073 

2^  0.1 

34    -  .  .  0.I3S 

40    0.146 

48    0.175 

50    0.182 

55   0.2 

fir   0.225 

70  0.25 

73  0.275 

80  0.292 

87  0.317 

90  0.329 

95  0.347 

100  0,365 

105  0,383 

109  0,4 

Free  Hydrochloric  Acid,  Mintz  Method. — Ten  cc.  of  the  filtered 

gastric  juice  are  titrated  with  tenth-normal  NaOH  until  the  test  for 
free  acid  is  no  longer  positive.  This  is  based  on  the  supposition  that 
the  KaOH  will  neutralize  the  free  before  tlie  bound  HCI. 

Of  indicators  there  are  several.  Undoubtedly  the  most  accurate 
is  the  Giinzberg.  As  the  sodium  hydroxide  is  added,  small  drops  of 
the  stirred  fltiid  are  removed  by  a  glass  ro<i,  or,  belter  still,  a  platinum 
oesa,  and  tested  on  a  porcelain  dish  (see  page  314).  Fleiner  adds  25 
to  30  drops  of  the  fiiinzljcrg  reagent  directly  to  the  gastric  juice,  and 
then,  as  the  sodium  hydroxide  is  atltle{l.  removes  small  drops  which  he 
warms  in  a  porcelain  spoon.  Sahii  recommends  that  the  glass  rods 
themselves  with  which  the  soda  is  stirred  into  the  gastric  juice  be 
warmed,  since  the  crimson  color  can  be  seen  on  the  rod.  He  also 
adds  from  25  to  30  drops  directly  to  the  fluid.  In  this  method  a  certain 
amount  of  gastric  juice  is  lost  in  each  of  the  tests,  and  hence  the 
results  should  be  confirme<l  by  a  new  portion  from  which  less  is  re- 
moved. 

A  much  easier  method,  and  one  that  is  chiefly  used  in  some  clinics 
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in  which  the  best  gastric  work  is  done,  is  to  add  the  sodium  h)droxide 
until  small  drops  touched  b\-  a  rod  to  Congo-red  paper  no  longer 
turn  this  blue.  Some  find  approximately  the  end  reaction  with 
Congo-red.  and  then  more  definitely  with  the  Gunzberg.  The  Congo- 
red  should  be  used  as  a  paper  moistened  by  drops  removed  from  the 
fluid,  rather  than  added  as  a  solution  to  the  fiui<l.  since  with  free 
acid  results  a  suspension  of  a  bluish-black  precipitate  which  makes 
the  end  reaction  difFicuh.  As  little  should  be  remo\-ed  as  possible  for 
each  test,  and  the  color  produced  by  the  drop  controlled  by  one  with 
distilled  water. 

TdpfcT  Method. — The  method  in  quite  common  use  in  this  countrj'. 
since  it  is  the  quickest,  employs  dimethylaniidoazobenzol  as  the  in{li- 
cator.  The  smallest  drop  possible,  in  fact,  a  small  fraction  of  a  drop 
from  the  end  of  a  glass  rod,  is  added  to  the  gastric  juice,  which  will 
take  a  bright  red  color.  The  sodium  hydroxide  is  now  added  until 
the  red  element  of  the  color  is  lost.  Tlie  end  reaction  requires  a 
trained  eye.  since  the  transition  from  bright  red  to  clear  yellow  is  a 
broad  one,  with  the  important  point  the  disappearance  of  the  red  shade. 
The  amounts  of  free  acid  determined  by  these  three  indicators  are 
oy  to  means  the  same,  as  the  difference  sometimes  amounts  to  loo 
P*r  cent.  Gunzberg  ivill  always  be  the  lowest  ami  dimethylamidoazo- 
•^^zol  usually  the  highest.  Congo-red  paper  varies  very  ninch,  some 
Qualities  giving  results  almost  as  low  as  Giinzberg,  some  the  highest  of 
aJI.* 

Hydrochloric  Acid  Deficit. — Tenth-normal  HCI  is  added  to  lo  cc. 
'-'*  the  gastric  juice  until  the  test  for  free  acid  is  positive.  The  amount 
'Necessary  will  depend  on  the  amount  of  bound  HCI  already  present, 
^'le  amount  of  proteid  and  bases  to  bind  the  acid,  and  the  amount  of 
^'kali  secreted,  hence  a  better  term  suggested  by  Sahli  is  the  "  satura- 
*'on  deficit."  Congo-red  paper  or  Giinzberg  can  be  used,  but  the 
•ormer  is  sufficiently  delicate.  The  determination  of  the  IfCI  deficit  is 
•^^Jite  as  important  as  of  the  free  acid,  since  the  progress  of  the  case 

^'tber  downward  or  toward  improvement  cati  thus  be  followed. 

For  the  bound  hydrochloric  acid  Topfer  recommends  alizarin  as 

Indicator.    This  now  is  little  used. 

Fischer.'   after   neutralizing   with   tenlh-normal   NaOH    for   total   aci<liiy.   then 
*«i<ls   an   amount   of   tenlh-normal    HCI    equal    to   that   of   the   alkali    added,    and 
**»«n  a  4  per  cent,   calcium   phospholung stale  solution  to  jo  cc.      It   i'.   allowtd   lo 
**atid  three  to  four  minutes,  animal  charcoal  added,  and  filtered.     Tn  a  nicasnred 
Part  of  the  filtrate  6  drops  of   i   per  cent,   rosolic   acid   are  added,   stopping  .it  a 
^eep  orange  tint,  and  its  acidity  determined.     .^11  the  proteid  has  thus  hwn  pre- 
cipitated, and  the  bound  HCI   left  as  CaCI:.     The  total  acidity  minus  thai   i>f  the 
filtrate  equals  the  combined  acid.     In   case  no   free  acid   is   present,   the   deficit   is 

'  See  Johns  Hopkins  Hosp.  Bull..  January,  1903. 
•  Am.  Jour  Med.  Sci,,  1903,  vol.  cxxvi. 
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first  ileicrniiiii'<l.  then  <h«  lulal  acidity.  Enough  tcnth-nofnial  HO  U  ihcn  adilcj 
to  raivc!  ihc  loi.il  acidiiy  Rt  Inm  40  per  cent.,  then  one  prcctiiitatct  iIk  pro(«i( 
will]  calcium  |ibo&ii'">t""8>'ote  und  proceeds  at  above  A  timple  ctilculHion  givH 
tbc  bound  acid. 

Total  Hydrochloric  Acid. — Hytlroclitoric  acid  is  present  fr«e 
bound,  and  as  neutral  chlorides.  Of  tlie  latter  we  have  those  frxjn' 
the  ffxjd,  those  formed  in  the  siomach,  and  those  secreted  as  such. 

By  the  total  liydrocliWJc  aciti  is  undcrstuud  the  bound  and  tlie  fr« 
( "  The  physinlogically  active  hydrochloric  acid" ) .  Tlie  Liilke-Martiuj 
method  is  one  of  the  simplest  for  delcnnining  this.  The  principle  ot 
whtcli  this  is  based  is  that  the  (liflfereiioc  betweai  liie  total  chlurini 
(^a)  and  die  chlorine  after  incineration  {  =  h]  represents  tliat  vola< 
tilized  by  heat;  i.e..  the  hydrochloric  acid.  This  niethtMl  has  bcci 
corrected  by  Keissner.  who  showed  that  with  the  HCl.  NH,CI  is  alsr 
volatilized.  He,  therefore,  first  neutralizes  the  gastric  juice  will 
tcnth-nomial  KaOlI.  using  litmus  as  indicator.  Tliis  neutralize< 
fluid  is  then  ashed  and  the  chlorine  determined  (  =  0'). 

a  — ft  =  HCl  +  NH,CI.  o  — a'=NH,Cl.  a^  —  b  =  HO. 

The  Arnold  and  Liitke  nielhods  are  used  to  detemimc  chlorides 
{For  the  solutions  necessary,  see  page  1^3.) 

Dflrrminotion  ol  "  a." — Ten  cc.  of  the  Rasiric  fluid  are  meaiarcd  with  1 
pipette  into  3  Ha'k  with  r  100  cc.  mnrk  on  its  neck.  Twenty  cc  of  Solution  1  >f 
then  added,  iiirred.  and  allowed  to  rcit  (or  ten  minutes.  .A  few  dropn  of  8  p« 
cciiL  KMriO.  are  then  added  if  nccesMiry  lo  decoloriie.  The  flaik  is  then  fillei 
with  water  to  the  too  cc.  poini  and  the  contents  welt  mixed.  The  ftuid  i<  itici 
fillered  ihrouuh  a  dry  filler  until  one-hnlt  hm  pn<4cd  llirongh.  Fifty  oc  of  th 
filtrate  are  measured  into  a  beuker  and  Solution  i  added  from  a  burette  till  ih 
first  pernianciil  brown. 

The  nutnlier  of  cubic  ccntimetrei  of  Solution  >  necasary  to  prcdpiiate  ill 
exccM  of  MJvcr  are  ihcn  multiplied  by  2.  since  but  half  the  fluid  was  used  in  ihi 
lilTBtion.  Thii  product.  tubtrHCted  froin  the  amount  of  AgXOi  originally  sddet 
will  give  the  amount  of  AgNOi  uicd  in  prcelpitaiing  the  cblnrinc. 

Oflfrmmilion  of  "  (>."~Ten  cc.  o(  the  Kx«lric  juite  arc  evaporated  10  drynei 
on  a  watcr-bsih  in  B  platinum  dish,  Tbis  i";  then  burned  over  ibe  free  flinie  unt 
tile  fl»)i  no  longer  burns  vriib  a  luminous  ilame.  It  i»  not  brought  lo  a  red  he* 
aincc  this  would  volntiliie  «ome  of  the  ehloridci.  The  ash  it  ihen  nibbed  up  we 
with  water  by  a  glos.s  rod.  extracted  with  about  100  <C.  of  warm  water,  broligl! 
onto  the  filter  and  wnKhcd  until  a  few  drop«  of  the  filtrate  no  longer  give  a  pn 
eipitate  with  .\gNOi.  Tu  the  whole  filiraie  are  then  added  ten  cc  o(  Solution  ) 
and  the  deterniinaiion  pmcecdt  »<  for  "a." 

Dflrrminatian  (if  "  ii'."-'Other  ten  cc.  are  first  neutralized  witli  tenlb-nofnu 
KaOH.  using  litmui  a<t  indicator,  then  ashed  and  the  remaining  chlorhlcs  <U 
lermined   as   for  "  li" 

(0'— *>  oojfis  gni  =lhe  per  cent,  of  HCl. 


« 


Topter's  Method. — This  method  proiniseil  to  be  a  ver>-  simple  am 
useful  niie,  since  it  was  purely  volumetric  and  could  be  fini.shed  in  1 
very  few  minutes.  The  stomach  contents  were  titrated  with  dtmethy] 
amidoazolMjnzol  for  the  free  hydrochloric  acid  and  with  a  i  ]ier  c«nl 
aqueous  solution  of  alizariti  for  the  bound  hydrochloric  acid,  the  sun 
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I  of  ihwc  being  the  total  hyjrocliloric  acid.  This  meihod  received 
seitre  criticism  at  <mce,  since  both  iiidicntors  were  not  above  criticism 
and  ihc  end  reactions  rather  doubtful,  yut  Ilari  in  Boas's  laboratory 
tfiund  it  quite  as  acairate  as  some  of  the  more  elaborate  methods  if 
free  hydrochloric  acid  is  present;   if  absent,  inaccnrate. 

Abcolute  AmouRi  of  •Hydrochloric  Add  Secreted. — Ii  U  of  cuiirnc  cvidcni 
Ital  the  preceding  mclliuds  giv«  im^rcly  pcrcmUKC  valii«v  t1>«  pcrcenU|[c  o(  the 
>a4  ID  llic  Muiiiach  contvnis  al  ihiil  time,  .-ind  withnul  [cfvrciii'e  lu  tllc  total 
UMUfil  of  acid  at  other  times  present.  The  alisoUitc  aTnotint  of  hydrorlitoric  acjd 
•I  >  aUrd  time  bag  been  a  mailer  nf  c^nsideTablc  Invest Igalion,  especially  by 
Bourgei  and  tietgel. 

The  last  method  propo?^eil  is  the  follouiiiK.  the  preceding  method*  l>HnB  all 

mher  tedious.    The  stomach- iiibe  is  introduced  and  n«  much  of  the  gasiiric  juice 

exprntcd  as  poKtibte.     Then  300  cc,  of  water  are  alluweil  to  flow  in  and  out  of 

'he  stumach  xveral  timet.     From  the  difference  in  tile  specific  gravity  of  iheie 

■  h*o  fractiont  the  antounc   of  iindiliilcd   g.iitric   jtiice   in   the   second   (raclion  can 

'>=   coRipuled.    The  acid  of  the  firil  fraction  is  then  dclcrmined  and  that  of  the  kc- 

oTid  cakiilatcd  and  added  to  it.     This  rnclhnd  hai  wmc  scienlific.  but  no  practical 

»'»liie.  since  eoniiderable  of  the  acid  secrcivd  ha*  already  pa»scd  Inm  the  intestine. 

l*o'»  method  for  total  acidity  i*  ba^cd  on  the  principle  that  all  acid*  whether 

fr^t  or  bound  are  neutralitcd  by  CaCOi  while  acid  nail*  and  acid  bjndmg  Uidtc* 

•■«-Tiiain  unehanBcd.     To   lo  ce.  of  the  gastric   juice  are  added  3  cc,   of  concentric 

^aCli  ioluiion   (iincc  add  phosphates  may  be  present),  and  titrated  with  tenth- 

aornia]  KaOH.  u«in|[  phctiolphthaieiti  ax  the  indicator.     Let  lite  number  of  cubic 

C^^imeirel  used  be  "j." 

Fifteen  cc.  of  gastric  juice  are  rubbed  up  with  1  gm  of  pulverised  and  dry 
CaCOfc  and  filtered  tbrouiih  an  ash-free  filter.  Of  the  filtrate,  10  ce.  are  treed 
f  rum  CO,  by  a  stream  of  air,  and  thctt  $  cc.  of  CaCI>  solution  added,  and  llus  fluid 
Kitiued  as  above  (result  =6). 

a — h  ei|iial(  the  total  arid.    If  no  organic  acid  be  present,  this  is  all  HCl. 

The  Value  of  the  Tests  for  Acidity  of  the  Stomach. — Among  the 

abrivc  tests  the  sitnple  presence  or  absence  of  free  hyilriKhloric  acid 

is  of  the  greatest  im])orlaiice,  much  more  so  than  is  its  perci^lage 

amotim.     Practically  every  stomach  can  secrete  some  acid,  but  the 

normal  stomach  will  always  secrete  a  physiological  excess.    It  may  be 

llai  tlw  bound  aci<I  is  atone  of  value  in  digestion  of  prulcid,  bul  it  is 

Iheamount  free  which  is  the  index  of  the  functional  ahiliiy.    'Flic  per- 

ttWage  of  the  free  acid  is  of  importance  in  delermining  the  question 

••hJ  grade  of  hyperacidity,  and  the  deficit  to  determine  the  grade  of 

^  mse  and  t<i  follow  it  in  its  improvement.    It  is  to  be  rcmcml)crcd 

'"4t  accurate  <|iu)ntita(ive  work  retpiiring  considerable  time  is  not  justi- 

''^1.  for  only  percentages  can  be  determined,  since  the  h^Ial  ainotint  can 

'"^ver  be  obtainc<I.     The  point  of  departure  is  the  dctcniiination  of 

Mat  acidity.     U  the  Ewald  test  breakfast  is  used  the  phosphates  are 

"^important,  and  hence  the  acidity  is  the  sum  of  the  hydrochloric  and 

'**"Ranic  acids.    These  are  never  present  together  free  and  if  free  hydro- 

■^^loric  is  present  the  organic  acids  can  be  disregarded.     Knowing 

'^««  few  points,  valtiabfe  deductions  can  be  drawn.     For  instance 

^  ^^tioting  Sahh ),  if  the  total  acidity  be  high  and  no  free  hydrochloric 
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present,  the  acidity  is  due  for  the  most  part  to  free  organic  acids,  If 
the  lactic  acid  test  be  good  or  Ihe  odor  of  the  other  organic  acids 
perceived  and  many  bacteria  are  present,  this  diagnosis  is  continued. 
If  free  hydrochloric  is  present  and  the  total  acidity  low.  the  most  will 
be  due  to  hydrochloric  acid,  and  the  nioiilit)-  of  the  stomach  may  be 
assnmed  to  he  good,  since  the  acid  binding  bodies  have  passed  on  into 
the  diiodeniiin.  If.  on  the  other  hand,  Ihe  total  acidity  be  moderate, 
an<l  free  acid  small  in  amount,  a  poor  motility  may  be  assumed,  with 
the  retention  of  the  products  of  digestion. 

Physiology  of  the  Gastric  Juice. — After  die  ingestion  of  a  lest 
meal  secretion  of  gastric  juice  begins  alnmst  at  once.  All  the  hydro- 
chloric acid  is  at  first  lnnind.  By  the  end  of  a  half-hour  after  the 
test  breakfast  or  two  hours  after  the  Riegel  meal,  as  a  rule, 
enough  has  l>ecn  secreted  so  th.it  some  remains  free.  Tlie  amount  of 
acid  rises  to  a  maximum,  and  then  as  the  products  of  digestion  pass 
on  into  the  intestine  the  acidity  Iwgiiis  to  fall.  One  hour  after  iltc 
Ewald  breakfast  the  total  acidity  averages  normally  40  to  60  acidity 
[jer  cent.,  or  0.15  to  0.22  i>er  cent.  HCI ;  over  0.25  per  cent,  means 
hyijeracidity  I  somo  say  0.2  percent.).  I  .actio  acid  is  not  present.  Acid 
pliosphates  are  no  factor.  The  free  HCI  is  from  20  to  60  acidity  per 
cent,  or  0.05  to  0.2  per  cent. ;  the  bound  from  0.012  to  O.11  per  cent 
Although  this,  as  a  rule,  is  at  sixty  minutes  from  the  meal,  yet  the 
optimum  will  depend  on  the  motility  of  the  stomach,  in  some  cases 
having  reached  Iliis  at  forty  minutes  and  in  olher  cases  at  one  and 
a  quarter  hours.  It  is  important,  therefore,  to  seek  the  optimum  of  each 
case  before  drawing  any  conclusions,  or  a  mistaken  idea  of  the  aiTK>unl 
of  secretion  may  be  gained. 

With  the  Riegel  meal  the  normal  total  acidity  is  about  75.  but  fron! 
90  to  100  acidity,  ami  free  altout  44  may  be  present. 

Diagnostic  Value. — Sahli  gives  the  following  very  valuable  sum- 
mary: 

A.  There  is  nonnal  acid  secretion:  (1)  Often  in  ulcer  of  thi 
stomach  artd  stenosis  flue  to  the  contraction  of  its  scar:  (*)  gastria 
neuroses;  and  (3)  simple  atony. 

B.  Hydrochloric  acid  is  increasetl.  that  is,  the  free  more  than  o..; 
per  cent.,  and  total  than  70  acidity  per  cent,  (it  may  reach  0.35  pes 
cent,  and  very  rarely  o,R  per  cent.) :  ( 1 )  In  the  majority  of  cases  oi 
ulcer  of  the  stomach:  (2)  in  Ime  continuous  h>'persecretion  (but  nc 
the  hypersecretion  due  to  motor  stasis) ;  (3)  simple  hj-pcracidity  an 
hypersecretion  occur  only  during  digestion  at  whicli  time  the  per  c«i^ 
of  acid  is  abnormally  high :  (4)  paroxysm.il  h>'persccretion  (gastrc 
xynsis)  occurring  in  neurotic  individuals,  who.  following  some  aa 
citemcnt  or  other  disturbance,  vomit  large  amounts  of  acid  juice:  f  >5 
in  some  cases  of  chlorosis  (in  22  of  30  of  Ricgcl's  cases) ;    (6)  car'' 
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'      iOgts  of  chronic  gastric  catarrh;    {j)  many  forms  of  mental  dis- 
onlers. 

C,  The  hy<Irodiloric  aciil  secretion  is  diminishetl  in  (t)   fevers; 

(?)  severe  anxmias;    (3)  the  majority  of  cases  of  chronic  gastric 

tatarrlt;  (4)  many  {pislric  (Hsordcrs  due  to  frcneral  neuroses;     (5) 

many  forms  of  nienial  dise.ise;    (6)  after  long  standing  jaundice; 

(7j;   many  chronic  cacliexias,  as  tuberculosis  of  the  lung,  but  nol 

always;    (8J   chronic  passive  congestion  due  to  heart  disease  or  to 

CTiiphyscma.  etc.;    (9)  sometimes  in  chronic  nephritis;    (to)  after  the 

long  use  of  alkaline  and  saline  purees. 

D.  Free  hydrochloric  acid  is  absent  on  several  examinations  (and 
yet  the  stomach  always  contains  a  certain  amount  of  this  acid  bound ) 
in  all  conditions  under  C  of  a  severe  grade ;  such  as  amyloid  disease  of 
the  stomach,  toxic  gastritis,  nervous  dyspepsia,  phthisis,  cardiac  dis 
ease;  especially  in  { i  J  severe  febrile  diseases,  particularly  the  infec- 
tions; {2)  gastric  carcinoma  {also  other  carcinomata) ;  (3)  atrophic 
grastric  catarrh;  (4)  pernicious  ameniia.  Tlie  most  important  is 
the  failure  of  free  hydrochloric  acid  in  gastric  carcinoma. 

And  yet  gastric  analy^s  is  not  pure  mathematics;  the  figures  are 
simply  rcLiti\-e  to  the  case,  some  patients  being  distressed  hy  an  acidity 
"onnal  to  another  man.  On  the  other  hand,  in  all  cases  the  absence  of 
f  r«  hydrochloric  acid  is  abnormal. 

Standards  vary  %vith  nationalities,  but  especially  with  classes  of 
society  and  still  more  with  indiviiluals.  Strauss,  at  (Jiessen,  thought 
^3  fair  average  total  acidity:  at  Berlin,  47.  In  this  country  we  must 
n<xtr)'  to  make  German  acidities  fit  any  more  than  the  meals  pro<lucing 
*h(ni:  and  if  jiossible.  every  case  should  be  considered  individually. 

Araonc  536  cAfr*  of  this  clinic  whose  records  were  studied  are  the  following. 
'*>  ill  cases  the  Ewald  breakfati  wai  uxd. 

Pmnicious  Akmui\.   ij  cases.     Anioiiiii   removed.  10  to  80  cc.     All  wctt 

^"tiftdd.  the   highciil   total   acidity   being  ^    (acidity   per    cent.)    and   below    to 

^   lO  cascit.      In  only   one   was   any   free  liydrochloric   present.      In   Iwo  the   Huld 

*^>  neutral  to  titmui :    in  one  alkaline    Laciic  .icid  wa*  present  in  two  caic*  (in 

**'''  there  wa*  an  nutupsr,  in  ilie  other  not).     In  two  case*  of  severe  sftcndary 

°*'<r-miii  the  Huid  »a«  i>nly  slightly  subacid,  .ind  free  hydrochloric  acid  was  present. 

.        Malwjsant  Disiase  not  of  the  Stomach. — Of  ilicsc,  ten  were  carcinoniata, 

•^Hir  tarcomata.    All  were  xubacid  (tolal  acidity  le"  Ihan  40).    Of  Ihe  carcinoma 

^*'e*,  free  Itj'drochloric  wa*  presmt  in  seven,  abscni  ici  two,  and  ilic  fluid  neutral 

^  lilmut  in  one.    Of  the  »rcama  caiet,  in  none  of  the  four  wat  free  hydrochloric 


Catarhhal  Javudick,  g  caw*.  The  fuid  removed  varied  from  to  to  W  cc.; 
*^al  actdiiy.  10  to  jo;  in  three  e4«e»  no  tree  hydrochloric  ;icid;  in  one  the  fluid 
/^%s  alValine  to  liimun:  in  nnnc  tvns  laciic  acid  {ouml.  In  a  few  case*  the  acidity 
•••■^igrniively  diminished  during  Ihc  course  of  the  diieate. 

Choui.itiiiaiii^  14  catex.  Amotint  removed  5  to  i»  cc,  There  was  hyperacidity 
'y  one  case  (total  JQ  and  83:  (rec  HO.  jj  and  4Q  xeapeclivcly  on  Iwo  exaniina- 
^t>t>  N'orma!  acidity  (40  to  70)  in  six  cases:  below  40  in  tix:  and  in  four  of 
■>*»*  no  fre«  hydrochloric;  lanic  acid  in  one. 

Citaucais  or  Ltvn.  6  ca«es.    Normal  acidity  obtained  in  one,  subacidity  in  live^ 


322  CLINICAL  DIAGNOSIS 

in  four  of  which  was  no  free  hydrochloric  acid,  and  one  was  practically  neoti 
in  one,  lactic  acid. 

TUBCscULOSis  OF  LuNCS,  10  cases.     Normal  total  acidity  in  three;    subacid 
in  seven ;    no  free  acid  In  two.    Tuberculosis  of  other  organs,  five  cases ;    noir 
acidity  in  one;    no  free  acid  in  three;  in  one  of  these  the  fluid  was  neutral; 
one  lactic  acid  present.     ' 

Intestinal  Troubles. — Diarrkaa,  9  cases;  in  four  the  acidity  was  normal; 
four  subacid,  in  one  almost  neutral.  In  four  no  free  acid  was  present ;  in  ( 
was  lactic  acid.  Constipation,  5  cases,  of  which  two  were  norma!,  three  subai 
one  without  free  hydrochloric.  Colitis,  2,  both  subacid  and  without  free  a< 
and  both  with  lactic  acid.    Amcebic  dysentery,  one  hyperacid  (gz  total  and  83  fre 

Arteriosclerosis  and  Cardiac  Diseases,  17  cases.  Eight  normal,  six  si 
normal,  three  without  free  acid,  and  one  almost  neutral. 

In  a  group  of  J6  cases  of  Misceu-aneous  diseases,  twenty-five  showed  non 
gastric  conditions.  Subacidity  without  free  acid  was  present  in  cases  of  heart  pr 
iration,  enteroptosis,  chronic  bronchitis,  peripheral  neuritis  (with  lactic  aci 
chronic  nephritis,  bronchopneumonia,  and  malaria. 

Various  other  methods  of  testing  the  gastric  juice  ivithout  iisii 
a  tube  have  been  proposed.  ( The  reader  is  referred  to  Herscht 
"Manual  o£  Intragastric  Techni(|iie,"  1903.) 

Dunham  advised  a  tliread  with  a  tassel  on  the  end  soaked  in 
reagent  (as  dimethySamidobenzol),  which  is  easily  swallowed,  t 
thread  passing  through  a  glass  tube  through  which  the  patient  drin 
water,  an<l  again  easily  withdrawn  and  the  color  noted. 

Turck's  capsule  consists  of  a  rubber  tube  attached  to  a  silk  threa 
and  having  altaclied  to  it  various  reagent  papers.  It  is  enclosed  in 
gelatin  capsule.  This  is  swallowed  one  hour  after  an  Ewaid  breakfa 
withdrawn  in  fifteen  minutes,  the  papers  inspected,  and  a  few  drops 
juice  in  the  rubber  tube  tested  and  exaniined  !nicrosci>pically. 

Einhiirn's  stomach  Imcket  is  a  small  silver  bucket  holding  ahi 
2  cc,  attached  to  a  strong  silk,  which  is  easily  swallowed  and  wil 
drawn. 

Pepsin. — We  do  not  think  it  suitable  here  to  consider  the  questi 
of  the  nature  of  pepsin,  pseudo-pepsin,  etc.  The  qualitative  determir 
tion  of  pepsin  is  less  important  than  that  of  the  hydrochloric  ac 
since  pepsin  is  practically  always  present  when  there  is  any  and  tisua 
when  there  is  mi  free  hydrochloric  aciil :  that  is,  the  ])epsin-formi 
function  of  the  stomach  seems  more  resistant  than  the  hydrochio: 
acid  function,  and  the  water  secreting  function  most  resistant  of  a 
Again,  if  the  ga.stric  juice  contains  hydrochlnric  acid,  (lie  a]>pearance 
the  contents  would  indicate  nt  once  if  pe]>sin  were  also  present.  1 
determinatimi  is,  therefore,  limited  to  those  cases  williotit  the  fr 
acid, — carcinoma  and  atrnphic  gastric  catarrh.  Schiff  found  that 
liy])oacidity  and  anacidity  tlic  pepsin  docs  no|  change  much,  but  th 
there  is  a  considerable  <iimtnution  in  cancer,  even  when  that  of  the  ac 
is  nnlv  slight,  hence  he  considers  it  important  in  the  early  diagnoi 
of  carcinoma,     It  is  absent  in  atrophic  catarrh,  gastric  carcinoma,  a^ 
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trrtam  cases  of  peniJciuus  aiixniia.     Its  absence  is  always  a  bad  prog- 
ooaii'  sign  ni  reco^'ery. 

OittUtttivfi  Deteiminatton. — I'bc  presence  of  pepsin  is  nssunicd  if  the 

acW  gastric  juice  ( MCI  aiWcd  if  none  be  free)  will  digest  egg  albumin 

or  ftbrin.     Tlie  fibrin   is  prepared  as    f<i!!nws:     Fresli  ox-blond   is 

uhippcil  ami  tbc  fibrin  kfpt  in  running  walcr  until  perfectly  colorless. 

It  is  then  ctit  in  fragments  ot  equal  si^e.  pnt  for  a  few  days  in  alcoliol. 

ami  then  for  raie  or  two  days  in  cool  concentrated  neutral  canninc 

Mjlution  until  fnlly  stained.     It  is  then  well  washed  atul  presse'l  and 

kept  in  glycerin  stained  with  carmine.     Before  use  the  fibrin  is  well 

washed  with  water  Ui  remove  all  glycerin.     For  egg  albumin,  the  egg 

IS  boiled  until  jiertectly  coagidated  iab<jnt  live  minutes).    Long  l»>iling 

■should  be  avoided,  since  the  albumin  is  made  more  difficult  to  digest. 

'n«r  white  of  the  egg  is  then  cut   into  ^   mm.  cylinders,   using  an 

tirdinary  cork  borer,  and  these  into  disks  i  mm.  thick.     These  disks 

are  kept  in  glycerin,  an<l  also  are  washed  in  distilled  water  before 

vising  (Sahli). 

To  gastric  juice  is  adde<l  hydrochloric  acid,  if  necessary,  until  the 

Cr«jiigo-red  paper  shows  free  acid,  then  a  few  fibrin  or  egg  fragments, 

nndilie  whole  put  in  a  thermostat,     If  pepsin  is  present  the  fibrin  will 

s,\v/K  signs  of  ttigcstion  in  from  fifteen  to  liiirly  minutes,  the  egg 

;*lliiiimn  in  one-lialf  to  four  hours.     If  fibrin  is  used  the  liber-ition  of 

*'w  cannine  is  a  very  early  sign  of  beginning  digestion.     The  first 

»'pi  (iir  the  egg  albumin  di?>ks  is  the  nmuding  iif  the  edges.     Kicgel 

pwfprs  egg  albumin  to  filirin,  since  one  get.s  more  consUnt  results  as 

'^sards  time  and  it  is  easier  to  control  the  mass  used.     Sahli  reconi- 

'"ttiils  thai  b<jtli  \ie  tried  since  some  gastric  juices  can  digest  the 

'''"in  easily  hut  not  the  albumin.     For  a  perfect  test  he  recommends 

'h-H  five  tubes  should  Ik"  prqiarcd  for  fibrin  and  tlve  for  albumin; 

Tube  I ;  5  cc-  gastric  juice  plus  carmine  fibrin. 

Tube  2:  4.5  cc.  gastric  juice  plus  0.5  cc.  2  per  cent.  HG  and  the 

'>rin, 

Tube  3 :  5  cc.  gastric  juice  plus  0.05  gm.  pepsin  and  the  fibrin. 
TuIkt  4:  4.5  ctf.  gastric  jw'ce  plus  0.5  cc.  2  per  cent.  HQ.  pepsin 
^tiii  the  fibrin. 

^H  Tube  5:50:.  gastric  juice  plus  5  cc.  water. 
^B  Tulies  6  10  10:  'Hie  same  series  but  u.'iing  egg  albumin. 
^^  Sahli  recommends  that  these  tubes  be  left  at  room  temperature,  that 
I  *li«  (hfTcrcnce  in  them  may  be  more  clearly  observed.  If  in  tubes  i  and 
[  ^  "ligeition  is  present  in  a  half  to  Ihree-ipiarters  of  an  hour  pepsin  is 
\  *^'"jrmiil  and  the  hydrochloric  acid  normal  or  increased.  The  same  is 
^^yt  if  tu))cs  J  and  3  arc  not  better  than  i.  Only  rarely  does  one  get 
^*wnp}ete  digestion  withotif  free  aciil  and  then  it  is  probable  that  l.^ctic 
aci<|  acts  in  its  place.    But  in  this  case  tube  2  will  show  better  digestion. 


^l 
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Very  rarely  lube  ^  is  ilic  best ;  usually  tube  4  is  when  any  pattiotogical 
contlilioii  exists.  Wlieu  dilution  improves  tlie  digestion  (and  then  5  is 
best)  it  means  tlint  motility  is  <lcficicnt. 

Quaniiuiivc  Determination. — The  general  law  of  ferment  action  b 
that  its  activity  (^as  shown  by  the  products  of  its  digestion)  %'aries  as 
the  si|uare  root  of  the  amount  of  the  fcmicnt.  Tlie  truth  of  this 
furmula  has  been  often  tested.  Camlet  dctcrmint'd  the  nitrogen  oi  the 
coa^lable  and  uncoagulable  proieid  by  the  Kjeldahl  method.  Sdiiitz 
and  Huppen  as  the  result  of  very  careful  work  consider  the  formula 
5=1  ka  ^p.t.s.  to  hold  (k  =  constant;  s  =  deuteroalbumose ;  a  = 
atburnin  used:  p^^pepsin;  t  =  timc:  s  =  amount  of  HG). 

Hamnierschlag  used  a  1  jwr  cent,  albumin  solution  with  0.4  per 
cent,  free  HCl  which  he  put  in  two  tubes,  to  cc.  in  each.  To  the  one  he 
added  5  cc.  of  water,  to  the  other  5  cc.  of  gastric  juice.  Tliese  were 
left  in  a  thennostat  one  liour  and  the  coagulablc  albumin  determined 
by  Esbach's  tube.  'Hie  errors  of  this  method  are.  those  of  the  Eslndi 
method,  that  the  albumin  of  the  gastric  juice  itself  is  not  inconsider- 
able, and  that  one  hour  is  too  short  a  time.  Normally,  80  to  95  per 
cent,  of  the  albumin  is  digested. 

The  method  of  Mctt  is  at  present  that  most  used.  Egg  albu- 
min is  filtered  and  the  fjas  removeil  by  a  suction  pump  for  several 
hours.  A  beaker  is  fiUeil  with  the  alhiimin,  a  bundle  of  glass  lube:^ 
each  about  10  cm.  long  and  i  to  2  mm.  wide,  are  then  filled  with  the 
albumin  by  inmiersing  iheni  in  it.  i3eaker  and  all  are  then  put  for 
five  minntes  in  Ixiiling  water  at  95°  C.  The  tubes  are  ilien  carefully 
removed,  their  outside  cleaned,  and  both  ends  closed  with  sealing- 
wax.  In  the  former  metliod  of  filling  the  lubes  by  .Tspiration  and  then 
holding  the  tiil>c  in  hoihng  water,  it  was  found  that  the  tut>es  were  not 
so  well  filled,  altliough  on  allowing  them  to  stand  the  bubbles  would 
disappear.  When  ready  for  use  the  tubes  are  cut  in  pieces  fn>in  1 
to  2  cm.  long  and  placed  in  the  fluid  to  be  tested  and  this  in  a  thermo- 
stat. A  very  small  amount  will  suffice,  in  which  case  it  is  better  to  use 
a  w.'itch-glass.  It  is  left  ten  or  twenty-four  hours  in  a  thermostat-  At 
the  end  of  that  time,  under  the  low  iwwer  of  a  microscope,  the  length 
of  the  digested  column  at  the  ends  is  measured  and  their  average  esti- 
mated. This  test  has  tiecn  used  hy  many."  and  the  conclusions  were 
that  pciisin  varied  as  much  as  HCl.  But  it  was  soon  found  that  the 
digestive  power  was  decreased  in  the  presence  of  soditim  chloride  of 
carhohydfate^,  or  the  prtwlucts  of  protcid  digestion.  (This  inhibition 
of  the  ferment  is  Itest  seen  in  cancer  and  chronic  catarrhal  gastritis.) 
Hence  Nierenstcin  and  Schiff  advised  to  always  dilute  the  fluid  six- 
teen times,  that  pepsin  in  this  dilution  may  obey  the  formula.  One  ct 
of  the  filtered  gastric  juice  is  mixed  with  15  cc.  of  twentieth -norma! 
*£.{.,  Roth.  2cit«chr.  f.  klin.  Med.  Bd  jft  p^  1. 
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amount  of  ferment  which  will  digest  l  per  cent  in  one  hour,  then  if  in 
three  hours  6  per  cent,  of  the  fat  be  found  split,  tweive  units  of  fermeiH 
were  present. 

It  has  been  found  that  in  hypochyha  and  achylia  this  ferment  is 
absent  or  diminished.  Riegel  considers  that  much  oi  the  former  work 
which  has  been  spent  on  hydrochloric  acid  should  now  be  spent  on  fer- 
ment action.  It  is  needless  to  say  that  the  demonstration  ol  this  in- 
splitting  ferment  throws  considerable  disrepute  on  those  test  meals  of 
neutral  fats  which  ha\e  been  proposed.  V'olhardt  considers  that  in 
two  hours  from  30  to  36  per  cent,  of  the  fat  is  split  These  fatty  acids 
dissolve  in  the  bile  and  aid  in  the  emulsion  of  the  neutral  fat  Hence 
the  stomach  reaih'  does  considerable  of  the  work  of  the  pancreas. 

Rennet — The  presence  of  rennet  is  proved  by  the  coagulation  of 
milk  by  the  neutralize<l  gastric  juice.  Leo's  method  is  as  follows: 
From  5  to  10  cc.  of  milk  and  3  to  5  drops  of  gastric  juice  are  placed  in 
the  thermostat.  A  better  method  ( Riege! )  is  the  mixture  of  from  5  to 
ID  cc.  of  gastric  juice  neutralized  with  tenth-normal  XaOH  and  5  to 
10  cc.  of  fresh  milk.  Xormally,  this  will  coagulate  in  from  ten  to  fif- 
teen minutes.  If  slower,  lactic  acid  formation  must  be  excluded.  Thf 
reaction  is  unchanged  by  the  ferment.  Tlie  presence  of  the  zymo- 
gen in  the  absence  of  the  ferment  has  been  much  disputed.  As  a  nile 
this  ferment  varies  with  pepsin,  but  it  is  easier  to  test  for. 

Boas  attempted  quantitative  determination  by  mixing  variousl) 
diluted  neutralized  gastric  juice  with  an  equal  amount  of  milk  until  n< 
coagulation  occurred.  Normally  this  would  cease  at  a  dilution  of  froti 
I  :  KJO  to  150;  in  severe  casts,  however,  when  the  dilutiiiii  wns  onh 
from  1  :  5  to  10. 

The  practical  importance  of  the  quantitative  deterniiiiation  iil  thii 
ferment  is  uncertain,  since  the  nicthnils  arc  not  good  enough.  Classiie 
considers  tliat  it  has  diagnostic  value;  for  in.stance,  that  in  pylori 
cancer  this  ferment  is  uninjured.  If  tlie  pepsin  and  the  rennet  are  boV 
much  diminished  lie  consiilcrs  wc  liavc  a  lumnr  of  the  fundus;  if  tli 
pepsin  is  diminished  and  the  rennet  good,  one  of  the  pylorus. 

The  extent  o£  gastric  digestion  is  considercti  by  some  importan 
J.  Midler  fed  a  patient  from  1  to  200  gms.  of  finely  ground  meat  an 
found  that  in  one  htnir  2S  ]Kr  cent  of  the  albumin  was  dissolve 
This  is  a  minimal  amount,  since  some  has  jiasscd  to  the  intestine.  I 
supcrsecrctioii  and  hyperacidity  the  albumin  digestion  was  much  11 
creased,  csjiecially  if  at  the  same  lime  there  was  pyloric  stenosis.  Et 
in  siihacidity.  thronic  gastritis,  cancer  of  ihe  stomach,  it  was  muc 
diminished. 

licnedict*'  has  given  a  simple  method  <if  determining  the  prndi!cl 
of  digestion.  Tlie  .-dliumin  is  ])recipitated  by  heat,  the  albumoses  b 
'Am.  Jour.  Mi-d.  Sci.,  iyo4.  vol.  csxvii. 
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[Siilplinte  an<I  llie  pqitrnie  by  pl)o»]>Iloliiiig^ic  acid.  Tlie 
jpiuws  are  dcteririjneil  voltimeirically  by  ceiitrifugalizing 
them  to  the  smallest  VDliimc. 

The  Products  of  Albumin  DigestioTi— /5tie  may  determine  tliis  if 
he  nill,  and  ytrt  I'roiii  ilie  praaiial  point  i>{  view  it  is  of  little  ini- 
pdnnnce.  From  a  theoretical  point  of  view  it  is  interesting  to  note  that 
incases  uf  caTxriuurna  <:>f  tbtr  st'iniadi  di(;estion  of  pruteid  is  so  much 
more  rapid  tliari  normally  that  tt  i»  safe  to  conclude  that  an  abnoniial 
fetment  is  present."  This  is  rendered  very  probable,  since  artificial 
iligesiioii  cxpcrimeiiis  with  the  heated  and  unhealed  carcinoma  tissue 
show  a  similar  relation. 

In  our  benign  cases  tested  in  this  way,  tlic  Rwald  breakfast  being 
uiei  llie  average  amount  of  nitrufien  in  albumose  form  was  51,7  per 
ant.:  in  the  pliosphoiungslic  acid  precipilalc.  3t.4  per  cent.  ^  in  the 
Rsiduc,  16.9  per  cent.  In  the  carcinoma  cases  these  figures  were  re- 
spfctivcly  ^7.5.  47.  ^nd  27.6  percent. 

Starch  Digestion. — It  has  recently  been  again  einphasizcrl  '"  that 
iht  saKva  is  not  as  unimportant  in  starch  <ligestion  as  was  formerly 
sappote<l.  and  that  it  renders  scUible  in  the  stomach  frnm  50  to  70  jrer 
nw.  of  the  starch,  thus  relegating  the  starch  digesting  function  of 
Itie  ]ancrcas  to  a  subonlinate  position.  This  digestion  occurs,  how- 
tvfr,  before  total  hydrochloric  acid  has  reached  o.  1 2  per  cent.,  hence  is 
'(ihibitc<l  in  cases  of  hypersecretion  and  hyperacidity.  Concentrated 
lactic  actd  also  can  inhibit  this  process. 

The  «tage*  of  aiarch  digestion  are  imhiblc  itareh,  crylhroclexirin.  acbroodax. 

"la.  uii  malifMc.     TIk  rclaiiv*  mnoiim  of  thiv  mny  he  approxirnaicly  iktecteil 

vi  \\\t  luc   of  a   vcrjr   wcaV    LtiKol    suliition,    ^inc?   tliv    Inlvr    produclt   of   tiarcli 

''ilBlioii  hfive  a  grcBtrf  affinily  for  ilic  iodine  ih.iii  h.ivp  llic  ca'licr      T\\v  colors 

"l^itml  vary  (ri>ro  blue   lo  colorlcM,  llii;  fint  bluc-viold.  Ihc  erj-lhrotjcxirin   f*(l 

^  nabniranr-brov  11      Out!  drop  of  lh<-  weak  Lugol't  addcrl  In  .1  (mall  nniouni  01 

I'tiii'  jiiicc  will  therefore  Rive  no  liliie  ciilor  with  tiarch  if  tmicli  achtoodexlrin 

't  frescnl.     On   tlie  otlier   hand,  if  very    few    of   llic   liiulier  prDiluctt  Ijc  pteii^nt. 

W   nill   tptK    *    lii'iiirict    blue    color.      From    the    niiinbrt    of    drops    Jn    lie    add'd 

^fcw  ihe  blue  color  appear?   may    ihcrefore   be  approsimalely   deiermined  the 

i^Ulite  eilenl  of  llie  »Lirch  dit(c>lion.     This  ha»  been  coniidercd  a  good   indica- 

^"«  of  (he  amouni  of  ftce  acid,  siiieif  in  cases  with  huth  a<»biy  tlit   fmt  drop 

ay  |iie  tile  end  feaclion.     And  yet  it  ihould  be  remembered  llial  llic  laliva  ■* 

]  10  to  be   taken    into  eun^i(te^ati»l1 :     llial   ui    smokers,    lor   m§lancv.   is   supposed 

have  lr:>«  diseslite  power  than  normal 

Lactic  Acid. — Tlie  test  for  lactic  acid  is  of  value  only  when  it  is 
:ni»wn  that  the  meal  contained  none,  and  that  if  any  is  formed  from 
»iiy  cimstituenl  of  the  meal  it  would  nnnnally  have  disappeared  at 
*V  liinc  nf  the  test.     Ricgcl  says  its  presence  in  the  stomacli  is  never 
l*ioniial  except  during  sugar  digestion.     One  usually  tests  the  juice 

*  t>cut»cli.  .^pcb.  f   kliii.  Med.,  vol.  Ixxii.  p.  415, 
"J,  MiiUer.  Verb,  d.  Xl.\,  Coiigr.  f.  inn.  Med. 
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after  an  Ewald  breakfast,  but  this  is  hardly  fair  (see  page  349).    Dock 
uses  a  shredded  wheat  biscuit. 

Some  breads  contain  lactic  acid,  hence  Boas  proposes  a  meal  of 
one  tablespoonful  of  oatmeal  cooked  in  one  litre  of  water  with  a  little 
salt.  The  stomach  is  well  washed  out  and  this  mea!  given  in  the  even- 
ing and  removed  the  following  morning.  It  is  said  that  normal  saliva 
can  produce  lactic  acid  from  this  meal.  This  meal 
is  little  used. 

Uffelmann's  test  is  the  one  in  common  use.    This 
solution  is  always  made  up  fresh.    To  about  20  cc. 
of  I  per  cent,  carbolic  acid  in  a  test-tube  is  added 
one  drop  of  10  per  cent.  Fe^Cle.     A  deep  amethyst 
color  is  produced.     This  is  diluted  with  distilled 
water  until   the   fluid   is   fairly  transparent.     It    is 
then  halved.     To  the  one  test-tube  is  added  a  drop 
or  so  of  the  gastric  juice,  to  another  the  same 
amount  of  distilled  water.    If  lactic  acid  be  preser»t, 
in  the  former  the  fluid  takes  a  definite  yellow  <ZDr 
yellowish -green  (canary-green)  color. 

Others  propose  10  ce.  of  a  4  per  cent,  carbolic  acid  i" 
20  cc.  of  distilled  water  and  one  drop  of  the  ferric  chlori«ie. 
Others  one  drop  of  the  ferric  chloride  solution  in  distilled 
water  until  almost  colorless,  and  that  the  carbolic  acid  (2  to 
4  per  cent.)  added  until  the  proper  color  is  produced. 

It  should  be  noted  that  decolorization  alone    is 
not  sufllcient.    A  definite  canary  color  or  yellow  is 
necessary.     The  blue  is  merely  for  contrast,  hence 
one  may  dispense  with  the  carbolic  acid.     It  is  well 
to  control  the  test  witii  dilute  lactic  acid. 

The  test  as  given  by  Strauss  is  particularly  valu- 
able. In  a  small  separating  funnel  (see  Fig.  63) 
with  two  marks,  one  indicating  5  and  the  other 
25  cc.  are  introduced  5  cc.  of  the  gastric  juice. 
The  funnel  is  then  filled  to  the  25  cc.  mark  with 
alcohol-free  ether  and  well  shaken  to  extract  tlie 
lactic   acid.     One   drop  of  hydrochloric   acid   mav 

Fic.  63.— Strauss    sep-  '  ..,,.. 

araiiiiR  (iinnci  lor  Uciit  be  added  to  liberate  that  lactic  acid  which  is  bound 
^"'""'^-  to  proteid.    The  gastric  juice  is  then  allowed  to  run 

out  and  5  cc.  of  distilled  water  added,  then  2  drops  (from  a  medicine 
dropiwr  to  insure  uniform  size)  of  a  1  per  cent.  FcaCI,,  solution.  If 
0.1  per  cent,  of  lactic  acid  be  present,  the  water  layer  will  take  a  definite 
canarv-green  color.  This  test  is  perhaps  not  as  delicate  as  some  others, 
but  it  may  be  said  confidently  that  if  positive  a  pathological  amount  of 
lactic  3ci<i  is  present.     Always  to  extract  wiUi  ether  is  quite  necessary. 
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[  (inee  simple  decolorization  or  even  a  suspicious  color  may  be  given  by 
siignr.  proieiti,  and  alcohol,  and  by  some  other  inorganic  acids  (oxalic, 
itilric,  tartaric),  and  |K>si(ivc  tests  may  be  prevented  If  much  phosphates 
|0f  i^ptones  are  present.  Again,  ferric  chloride  may  give  a  cloud  in  the 
Pfistric  juice  which  will  obscure  the  test.  If,  however,  the  result  of  an 
Euald  breakfast  given  on  a  clean  stomach  be  examined,  trouble  from 
[itfiese  sources  will  not  occur. 

Tbis  Int  bat  be«t)  further  modified.  Kelling  "  dilutet  the  fluid  wiih  twenty 
Dlnmts  of  viUvr  and  ilttii  add)  lynr  or  two  dropi  o(  t,  per  crnt.  FciCU  The  lube 
«  Ihm  lighted  by  lr,in»niiiied  light,  and  il  IR  siBled  that  from  it  I  of  Inctic  aeid 
in  10,000  to  i5/x»  of  niittr  cun  Ijc  delected.  Knapp"  addi  t  ec.  o(  gnitrie  juiee 
to  S«_  oi  cih«r  and  shakcv  He  ihcn  mpcrimposcii  this  exirJici  upon  a  colorlet* 
fertic  chkirUlc  wluiion  ti :  3000)  (rtihly  prepared,  and  gel*  a  canary -colored  ring. 
Ue  Jong*  adds  to  5  «.  ot  the  gutric  juice  one  or  iwo  drops  of  HQ,  He 
irainiaic.t  ihit  lo  a  sjrrop  i^ver  n  free  flame  and  then  extract*  the  residue  with 
a  Iitilc  eiltrr  The  volimic  ic  then  made  up  to  5  cc.  with  distilled  water  and  one 
drvpof  s  per  cent.  FciCli  added,  and  the  whole  well  shaken.  A  definite  green 
color  i«  produced  by  ao5  per  cent,  lactic  acid. 


^^Xl' 
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Quantliaiive  Lactic  Add.— For  clinical  purposes  the  Strauss  modifica- 
um  of  the  I'lTehiiann's  method  is  accurate  enough,  and  perhaps  of 
eraicr  vahif  than  the  more  accurate  methods,  which  might  show 
'^■nisll  iiniotinis  normally  present.  It  is  only  the  pathological  amounts 
that  are  of  valite.  The  Hehner-Maly  method  is  satisfactory  if  one  con- 
wits  to  consider  all  organic  acids  as  lactic. 

Some  idea  of  the  amount  may  be  obtained  by  comparing  the  acidity 
tfihe  gastric  juice  before  and  after  extracting  it  with  ether. 


Bmi  Jtfrlftorf,— The  principle  of  ihit  method  is  to  oxidlie  lactic  acid  to  *ld©- 
Mc  and  formic  acid.  The  aldehyde  is  then  dunged  to  ioilotorni  and  thii  de- 
iwiiiined. 

lithrer  to  flr  26  cc:  of  Ibe  filtered  gastric  juice  in  a  porcelain  dixh  are  evap- 
tWoJ  to  a  sytttp  on  t)ic  waier-luih.  It  free  IICI  be  present,  BaCO<  is  added  in 
t»foi  ii>  prtvcnl  itt  votat dilation.  To  the  syrup  a  few  drop*  o(  pho^phoric  acid  are 
'kidded  to  agaiit  Mt  the  acid  free  and  Ihcn  the  *ynip  heated  to  drive  off  lb« 
CtX  It  it  tl>cn  contcd  and  extracted  two  or  three  times  wiih  so  ce.  of  ether. 
lUlS  Handing  about  half  an  hour  the  ether  i«  poured  off.  evaporated  in  a  residue, 
■)"«  t));ta  up  with  45  cc.  n(  water  in  a  flaik.  then  shaken  and  filtered.  To  the 
fhiut  are  added  5  CC  of  concentrated  HiSO.  (sp.  gr.  1.^)  aiid  a  knife-iMim 
^  DanKancte.  Thi«  fiaih  ii^  then  fitted  to  a  diitilling  apparatus  with  two  tubes 
iSlmigh  IIS  c<>rk.  the  one  for  the  cooler  and  the  other  for  the  clamped  rubber 
^  Ilwough  which  air  may  later  be  blown  in  order  to  cicauie  the  cooling  tul>e 
inm  ihe  aldehyde,  and  the  tTuid  distilled  until  aboiit  four-fiflhs  has  parsed  over. 
^t  Mher  end  «(  tlw;  cooling  itilie  dip»  into  a  well.chiscd  Krlcnmcyer  tUsk  con- 
■■mini;  to  la  30  cc.  of  tenth-normal  iodine  solution  in  jo  cc.  of  KOH.  This  ii 
'^tii.  doted  tiithtly.  and  allowed  to  stand  for  a  few  minutes  The  aUlchydc 
*>ll  U  (hanged  to  iodoform.  To  it  ate  then  added  jo  cc.  ot  HCI  l»p.  gr.  I.OtS) 
"i<l  an  rxccii  o(  todium  bicatbonalc  It  if  then  titrated  with  a  temh-nonnal 
'^<nn  arirniie  or  tenth-normal  ihiu^iulphaie  solution,  which  has  been  accurately 

"Zeitschr    f.  phvsiol    Oiemte,  1903. 
"New   York   Med.  Jour..   .Aujjiist.   rgoi. 
"Arch.  f.  Verdauungskranhciten,  Bd.  l 
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siandardized  lo  the  tenth-normal  iodine  solution,  until  decolorized.  A  tittle  fresh 
starch  solution  is  then  added,  and  one  titrates  back  to  the  first  permanent  blue 
The  amount  of  iodine  solution  less  that  of  the  tenth-normal  Ihiosulphate  solution 
gives  the  amount  of  the  former  necessary  to  form  the  iodoform.  One  cubic 
centimetre  of  the  iodine  solution  equals  0.OO3388  gm.  of  lactic  acid.  Or  the 
iodoform  may  be  estimated  gravi metrically   (see  page  186}. 

Other  Organic  Acids. — Acetic,  butyric,  and  valeric  acids  occur  and 
are  recognized  by  their  odor.  They  are  the  result  of  bacterial  decom- 
position, although  the  reason  why  in  some  cases  one,  in  some  another, 
is  formed  is  not  known.  For  instance,  in  a  recent  case  the  patient  after 
an  Ewald  test  meal  complained  of  the  taste  of  vinegar  and  the  gastric 
contents  were  found  rich  in  acetic  acid.  This  man  had  given  all  the 
symptoms  of  hyperacidity. 

Much  organic  acid  could  come  from  the  foods,  from  fermentative 
processes  in  the  stomach,  or  from  the  action  of  the  fat-splitting  fer- 
ment. 

On  a  lactic  acid-free  meal,  and  only  such  should  be  used,  one 
should  normally  find  no  lactic  acid  in  the  stomach.  Lactic-acid-pro- 
ducing bacteria  are  in  the  mouth,  but  should  not  have  enough  time  to 
produce  the  acid  in  the  stomach. 

Acetic  add  carefully  neutralized  with  soda  is  tested  with  i  or  2  drops  of 
FciCli  solution,  which  gives  the  bluish-red  color  of  ferric  acetate. 

Butyric  acid  in  the  presence  of  tine  fragments  of  CaCli  separates  in  fine  tsilj 
droplets. 

Total  Organic  Acid.     Hchncr-Maly  Method. — Tlie  principle   c*"* 
this  method,  which  has  been  recommended  by  many,  is  that  if  a  mi.'C' 
ture  of  organic  and  inorganic  acids  be  ashed  the  inorganic  salts  will  rr— " 
main  neutral,  while  the  organic  will  be  changed  to  alkaline-reaclin^^S 
carbonates.     The  i>riginal  acidity  minus  the  final  alkalinity  may  br"^ 
considered  to  equal  the  mineral  acidity. 

Ten  cc.  nf  filtered  gastric  juice  are  neutralized  widi  tenth-normal 
NaOH,  using  phenolpluhalein  as  an  in<licator  (luimber  necessary = a ). 
This  finid  is  then  evaporated  and  ashcil,  the  ash  taken  up  with  water 
and  titrated  widi  tenlh-nomial  IlCl.  ])lienolpiithalein  again  used  as 
indicator   (amount  necessary  =  ?))   a  —  &  =^  the  mineral  acidity. 

The  method  is  easy.  By  it  the  acid  phosphates  are  included  with 
HCI,  hence  in  its  original  purpose  as  a  method  of  determining  HCl  the 
phosphates  must  be  separately  determined  ;  but  it  is  the  easiest  method 
to  detcrnnne  the  organic  acids. 

Bases  of  the  Gastric  Juice.- — Of  these  sodium  is  the  most  important. 
V.  Mehriiig  has  siiown  diat  the  stomach  can  and  does  secrete  sodium 
carbonate  to  control  the  amount  of  hydrochloric  acid.  Reissner 
showed  ati  increased  secretion  of  alkali  in  cancer. 

A  base  iircsent  in  no  small  amount  is  ammonia  (nomially  0.1  to 
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iarsp.  "St.).  Tlie  Rasiric  wall  is  the  tissue  of  ihe  body  richest  in  this 
HBtL  Tills  atnoiinl  of  aiiiiiioni.i  tti  ilic  gastric  CDiitciiis  throw>^  great 
PSabt  on  the  value  ot  the  titration  with  phcnulphthalein  as  intlitator. 
I  The  source  of  the  ammonia  i*  douhtlnl.  some  even  say  all  is  from  the 
I  nliv.i. 

I  Fermentation. — Fermentation  witli  gas  formation  occurs  in  dilata- 
I  tion  of  the  stomach  even  in  the  presence  of  free  KC1  in  case  the  stasis 
I  bcsufiktent.  never  when  uK^lIiiy  is  nonnal;  more  rarely  in  diminished 
I  or  an-acidity.  in  which  case  lactic  acirl  formation  is  more  common. 
I  The  fresh  gastric  juice  or  vomittis  unaltered  is  well  shaken,  and  poured 
I  inwtwo  fermentation  tnbes.  the  -iec<ind  as  a  control  to  which  is  added 
I  a  small  amoimt  of  glucose,  since  all  of  the  carbohydrate  may  have 
I  already  been  fermented.  If  there  is  no  gas  in  twenty-fonr  hours  it  is 
I  advised  to  wail  from  three  to  fnur  days.  The  chemical  .malysis  of 
I  Uiegas  is  not  very  important.  This  test  is  important  in  determining 
I  fie  j^pxc  of  stagnation,  although  fennentalinn  without  gas  produc- 
L  lifiadocs. occur. and  there  is  .'i  small  amount  of  gas  fonncd  tn  the  normal 
Pmonadi'  'When  much  food  is  ingested,  or  when  thert  are  clefts  or 
pockets  in  tlic  stomach  wall. 

A  great  many  different  organisms  have  been  isolated  and  studied.'* 

[snioiig  iheni  yeasts  and  sarcinie  in  those  cases  with  free  acid,  and  long 

|wcilli  in  cases  of  cancer.  Sarcin.-e  arc  usually  present  when  there  is  high 

Acidity.    "If  there  be  slight  total  acidity  and  sarcins  the  evidence  is  for 

^nccr.     High  tntal  acidity  with  short  bacilli  speaks  against  cancer: 

^hilc  low  total  acidity  with  many  long  bacilli,  in  favor.    As  products 

of  such  fermentation  may  be  mentioneil  alcoliol.  methane,  ethylene. 

Sarcin.t  alone  have  been   foimd  to  produce  ethyl  alcohol,  aldchyrle, 

Acetic  and  formic  acid,  but  not  lactic  nor  butyric,  nor  carbtm  dioxide 

r  hydrogen.    Coyon  considere<l  that  the  sarcinre  have  little  ferment- 

ig  pfiwer.  and  isolated  twn  bacilli. — the  cnterncoccus,  which  produces 

lactic  aci<l,  acetic  acid,  and  ammonia  Imdies  from  proteid,  lactic  and 

acetic  acids  from  carbohydrates;  and  Coccus  radiaire,  which  from 

albumin  builds  fattj-  acids,     leasts  arc  common,  producing  carbon 

idioxide,  alcohol,  aldehyde,  and  acetic  acid   frnui  airbuliydrates,  and 

drogen  disulphide  and  ammonia  cnnipounds  frnni  albumin  f  Groot). 

Hydrogen  ilisulpbide  from  decomposing  pmtcid  is  rare  in  cancer 

irt  quite  comtniin  in  benign  gastric  dilatation,  and  may  bo  detected 

its  o<li)r  or  by  suspending  over  the  fluid  a  paper  wet  with  alkaline 

igar  of  lead.    Dauber  found  in  nearly  ever>'  stomach  h-icterla  which 

n  pro<lnce  this  gas  from  sulphur  bodies,  and.  in  fact,  given  long 

lenmigh  time,  nearly  .ill  bacteria  can  do  this,  hence  there  is  nothing 

ipecific  in  its  presence  in  the  stomach.     But  it  cannot  be  producc<I  if 

there  is  free  hydrochloric  acid  present.    On  (he  other  hancl.  that  from 


Sec  EhrM.  MitthciL  aus  <ler  Grenigcb.  d    Med.  ii.  Chir..  Bd,  iii.  Heft  5. 
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the  food  iiiiist  always  be  exclixied ;  for  ii)»t»iice.  from  radishes,  oiiioiis, 
aiid  also  from  tlic  saliva. 

Microscopical  Examination. — Tliis  is  seldom  of  much  value  since 
a  large  aiiumnt  <i(  tuK-li.iiigc<l  starch  gnmules  and  muscle-tibres  pass 
to  the  intestine.  In  cases  with  poor  gastric  secretion  the  nitisclc-tibres 
are  particularly  well  preserved  with  their  cross  striation.  but  if  there 
is  much  stasis  even  this  is  mi  sign.  Mucus  may  be  recognized  from  its 
fibrillar  character  and  the  cells  that  are  embedded  in  it,  also  by  staining 
it  with  safraiiiri  or  Ehrlich's  triple  stain. 

Pus  is  very  rarely  found  inacroscopically.  It  might  be  expected 
in  gastritis  phlcgnionnsa,  in  alKiccss  nf  the  stomach,  ami  in  rupture  of 
one  through  the  stomach,  es]>ecially  a  subphrenic  ahscess.  Strauss  '* 
has  also  found  ii  in  a  case  of  cancer  of  the  fundus  and  lesser  curvature, 
with  subphrenic  abscess,  in  amounts  from  60  to  500  cc,  Large  num- 
bers of  pus-cells  may  he  found  in  cancer  of  the  stomach,  and  we  had 
one  case  in  which  much  was  present  microscopically,  yet  its  diagnostic 
value  is  to  Ik  doubled.  Microscopically,  a  few  pns-cells  are  alwuyi 
found  iTi  the  wash-water  of  an  empty  normal  stomach.  The  fasting 
stomach  sImuIiI  be  examined,  since  when  mixed  with  food  the  cells 
cannot  be  recognized ;  also  it  is  seen  best  in  stomachs  with  good 
motility. 

Fkagments  of  mucosa  are  often  lorn  loose  during  lavage  withfwt 
any  bad  result  following.  This  is  particularly  true  if  suction  with  a 
pump  or  I'olit/er  huih  be  made.  Yel  if  the  tube  he  carefully  «se<l  their 
presence  may  in  a  general  way  indicate  the  vulnerability  of  the  mucosa. 
Some  of  these  fragments  from  the  proliferating  mucosa,  in  cases  of 
achylia  gastrica.  will  give  a  very  good  picture  of  carcinoma.  Tlie  niorn- 
ing  lavage  of  the  stomach  may  show  many  of  these  fragniaits.  and  then 
is  the  time  when  it  is  suggested  to  search  for  fragments  of  tumors.  In 
a  reported  case  of  Hcynwh's  purpura  sncli  fragments  of  mucos.i  were 
found  in  the  washings:  the  wall  of  the  stomach  was  quite  (edematous 
(Dr.  Morris).  In  the  fasting  stomach  also  may  be  foun<l  character- 
istically shaped  groups  of  nuclei  of  leiicucytes  whose  protoplasm  has 
been  digested,  In  the  fasting  stomach  also  may  be  seen  myelin 
masses,  altered  by  HO.  which  have  the  appearance  of  snail-like 
spirals.  Crystals  are  also  present,  especially  if  bile  be  mixed,  of 
cholesterin.  leucin,  calcium  oxalate,  and  triple  phosph-itc.  In  conclu- 
sion, the  microscopical  examination  is  interesting  rather  than  imi)(>r- 
tant.  Of  greatest  importance  are  fragments  of  carcinoma.  Many 
yeasts,  especially  if  they  occur  in  chains,  sarcinx,  and  long  bacilli,  arc 
also  important. 

In'fi'soria  are  sometimes  present  fsee  page  ,^75)  in  the  gastric 
juice,  the  reaction  nf  which  must  he  neutral  or  alkaline. 
"Btrl  blin  Woclienwhr,,  1899,  No.  4a 
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^H  'Xte'p^atcst  variety  of  bacilli  are  of  course  found.  Hmtiieual 
^BCELi^  uciriir  uficii  in  abiimlance.  particulfirly  wlien  digestion  is  poor, 
^HUxcER  FRAGMEMTS  are  very  rare.  If  free  hydrochloric  acid  be 
^Hjptnt,  uouLUS  and  yeasts  and  sakcik.%  will  predominate:  if  none. 
^^liCTERCA.  Einliom  found  in  ihe  wasli-water  s|K>rcs  of  ninuMs  which 
^i  he  thinight  lodged  in  crevices  of  liic  mucosa  and  miglit  .')i<l  in  the 
^H  hyperacidity  and  tlie  paslralgia.  Yeasts  are  abundant  in  gastric  dila- 
^Lanon.  and  a  few  may  be  found  in  nortnal  sloinachs.  Sarcinx  occur 
^Bn'farge  niiiiil)er4  in  benign  dilalatimi,  iicca>ional]y  in  gastritis,  nicer. 
^M  and  neuroses,  but  rarely  in  cancer.  One  <]bservcr  reports  tlicm  in  such 
^r  numbers  as  to  form  plugs  obstructing  the  pylorus.  Ehrel  fnnnd  many 
K  nitinxin  cases  of  intense  fenneutalicin,  hut  neitlier  yeasts  nor  bacteria, 
^B  aii'l  considers  tliat  Ihcy  indicate  a  severe  stasis.  I-lc  does  not  consider 
^m  that  they  occur  only  with  free  hydrochloric  acid.  Two  sixes  may  be 
H  found,  the  large  and  the  small.  In  a  recent  case  in  this  clinic  with 
^B  dibteJ  stomach  the  sarcina-  were  in  great  lumibers.  and  uf  huge  size. 
^^  Blood. — The  (esophagus,  nose,  nioulli,  and  lung  as  a  source  must 
L  bencluded.  Small  amounts  of  blood  have  no  significance,  since  slight 
^B  ttsionsof  thcpharjnx.  ccsophagus.  or  stomach  are  very  easily  produced 
^m  in  I'omitiitg  or  by  the  tube,  Hlood  may  l>e  present  in  large  amounts 
H  in  ulcer  of  the  stoni;ich.  or  rupture  of  venous  dilatations  at  the  cardiac 
H  w^ifice  as  in  liver  disease.  In  case  the  stomach  be  empty,  the  blood 
^  will  tlien  be  arterial.  Init.  as  a  rule,  it  is  darl<  because  of  the  hiematin 

I  produced  by  the  gastric  jnicc.  and  is  clotted  and  well  mixed  with  food. 
IncaKS  of  carcinoma  of  the  stomach  there  is  usually  a  slight  constant 
fi'fniirig.  the  bltxid  then  well  mixed  with  the  food  and  so  digested 
t'l.it  it  gives  a  coffee -ground  appearance.    This  is  a  very  valuable  sign 
in  nsea  of  gastric  dilatation,  indicating  cancer  of  the  mucosa.     It  also 
t«:airs  in  hyperacidity  with  hajuiorrhagic  erosions  of  ihe  mucosa.    The 
I      (leteclion  of  this  small  amount  of  blood  is  no  easy  matter,  since  niicro- 
^■knpically   iiothtiig  is   foimd.      Blood   may   arise    from   tulKfculous 
^Dicers;    slight  injuries  to  the  mucosa;    from  small  .nncuri-sms  of  the 
^tric  arteries  due  to  trauma:  the  digestion  of  the  mucosa  over  an 
infarcted  area:  in  chronic  passive  congestion:  cirrhosis  of  the  liver; 
viirious  constitutional  diseases  without  apparent  reason,  as  in  anaemias, 
fuemophilia,    Hodgkin's  disease:  active  hyjiersmia  as   in   vicarious 
menstruation ;  and  following  .ibdomiual  operations,  especially  such  as 
involve  the  omentum,  in  which  case  they  are  a  disturbing  symptom, 
but  of  no  moment. 

All  the  blood  of  even  a  profuse  hemorrhage  may  pass  by  the  stools. 

Occult  hemorrhage  discovered  by  examining  the  gastric  contents 

and  stools  occurs  in  several  conditions.    Boas  and  Kochmann'"  divide 

cases  as  follows :   Those  with  no  hemorrhage :   gastritis  anacida.  siib- 
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ncidity,  Iiypersccreiioii.   benign  ecUiiis;  cases  willi  blo.xl   nt  times, 
esiwcially  tilcer:  cases  with  WikhI  as  a  rule,  especially  cancer, 

Deen's  Te«.^ — To  iht  {pistric  juice  is  atUktl  l  cc.  of  fresli  IJiKtun 
of  guaiac  and  i  cc.  of  HuhncrfeUl's  stiluiiim  (glacial  ac«1tc  acid,  j; 
dtstillecl  water,  i  ;  oil  of  tiirpemine  and  alcohol,  of  e.ich,  lOO  cc.).  TIm 
mixture  is  well  sliakcii.  If  bl'tod  is  present  the  lliiid  liinisbliie.  The  test 
is  also  KJveii  if  iron  amipouiids  arc  present,  or  some  vvgetaWci.  etc.. 
haice  it  has  cliietly  a  iiegalivc  value.  Weber's  Tiiodificalioii  is  recuiu- 
mcnded  by  Kiegcl:  to  tlie  gastric  contents  is  a<lde<l  onc-thir<l  volume 
of  friacia)  acetic  acid  and  it  then  shaken  nut  with  ether,  .\fter  the  ether 
extract  has  cleared,  to  a  few  cubic  ccntiincircs  are  added  lo  drops 
of  guai.ic  tincture  and  20  to  30  drops  of  turpentine.  Bloo<l  will  give  a 
bluish- violet  color.  In  this  case  only  raw  or  rare-cooked  meat  is  to 
be  excluded. 

Heller's  test  is  also  used,  but  various  red  substances  iniist  be 
excluded,  coffee,  cwoa,  wines,  etc.  The  precipitate  should  be  collecieil 
on  a  filter  and  dissolved  in  acetic  acid.  Rhubarb,  senna,  and  santonin 
may  deceive. 

For  the  spectroscopic  test  the  gastric  contents  are  i!ihiic<l  with 
water,  a  few  drops  of  concentrated  acetic  acid  added,  and  then  fhnVcn 
out  with  nnc-fifth  volume  of  ether.  In  a  few  minutes  a  clear  layer  nf 
brown  ether  solution  of  h:eniatin  is  obtained.  The  four-banil  sijectnim 
of  hieinalin  in  acetic  acid  couki  be  ilne  to  chlompbyli.  hence  alcoholic 
KOIl  is  added  and  it  reduced  with  (N'Il4)aS.  the  red  Huid  will  now 
give  the  two-line  spectnini  -if  rcihiccd  hivniatin. 

Absorption  Power  of  the  Stomach. — .Mthough  this  function  of 
the  stomach  may  not  be  important,  yet  there  are  certain  substances 
which  are  absorbed,  as  alcohol,  sugar,  dextrin,  peptone,  albumoscs, 
et  ai.,  and  in  amounts  varying  with  the  quantity  in  the  stomacli.  Tlie 
absorption  test  generally  applied  is  thai  of  Peuioldt.  On  an  empty 
stomach  is  given  a  gelatin  capsule  conl.iining  0.2  gm.  of  potassium 
iodide.  The  saliva  and  urine  are  examined  every  few  minutes  until 
the  test  is  positive.  To  the  saliva  or  the  urine  are  added  a  little  starch 
meal  and  fuming  HCI.  The  blue  color  will  indicate  the  preser>ce  of 
iodine.  Or  a  little  starch  meal  is  added  and  crude  UNO.,,  but  an 
excess  of  acid  must  Iw  avoi<ted  or  the  first  trace  of  iodine  will  Irc  kist. 
Also  the  sputum  and  starch  must  not  Iw  left  in  contact  long  as  th»| 
digestion  will  give  crythro<lextrin  and  achroodcxtrin.  Chloroform 
may  be  used  instead  of  starch,  an<l  will  take  up  the  iodine  to  a  pink 
solution.  Normally  the  excretion  begins  in  six  and  one-half  lo  fifteen 
minutes  in  the  sputum.  an<l  in  the  urine  in  thirteen  and  one-half 
minutes.  The  time  is  shortest  on  an  empt\'  stomach  and  at  the  height 
of  digestion,  Thr  test  should  be  wtA  under  constant  conditions, 
hence  Sahti  combines  it  with  the  Ewald  breakfast,  in  which  ca>e 
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Vilme  ai^pears  in  five  to  Iwcnty-fivc  niiniitcs.  There  is  a  dthy  in 
muH  gastric  diseases.  The  test  lias  chiefly  a  theoretical,  very  little 
practical  value.  Only  a  amsitlerable  delay  counts.  This  may  i>cciir  in 
dilltatiuri  willi  ciinsi<tcniblc  catarrh,  and  carcinoma;  there  is  no  delay 
in  alcer  without  catarrh,  nor  in  neurotic  disturliances.  Potassium 
iodide  is  not  fcxxl,  and  it  ift  not  al>snrbcil  from  a  stomach  which  is 
tlostd  off  from  the  intestine,  hence  the  test  may  show  wlien  it  lirst 
^adtes  the  intestine. 

H|  Again,  of  importance  is  tlic  secretion  ov  water,  which  is  the 
^BuH  resistant  function  of  the  gastric  mucosa  and  may  be  stinmlated 
Hfe(lq>endent1y  of  ihc  other  secretory  functions.  It  is  increased  owing 
lothc  presence  and  absorption  of  alcohol,  sugars,  etc.  This  "dilution 
ttcrtttun"  is  supposed  to  \k  a  measure  to  protect  the  intestine,  the 
increased  fluid  dil.^tinK  the  gastric  onntcnts. 

Motility  of  the  Stomach. — It  is  to  be  emphasized  that  disturbance 
flf  ilw  motility  of  the  stomach  is  far  more  important  than  disturbance 
c;l  rts  secretions.  If  motility  be  g»K>d  the  intestine  can  vicnrionsly 
tmte  up  easily  for  any  insufficiaicy  on  the  part  of  gastric  secretion, 
MSKt  die  person  live  years  in  ignorance  of  the  fact  that  he  has  no  gastric 
H)n>n;.  But  tf  motility  be  impairtrd  llie  stagnation  of  food  in  the  dilated 
flatadi  soon  ami  always  produces  serious  results, 

Hy|>crmi»tilily  is  seen  especially  in  cases  of  hyperacidity,  and  it  may 
t«twc»ary  to  remove  the  Ewald  breakfast  in  from  one-lia!f  to  tluee- 
inittrs  of  an  hour  in  order  to  obtain  any  fluid.    But  the  most  rapid 
iMi\ny  is  seen  in  eases  of  Jejmial  fistula  high  up.     In  these  cases  nf 
flinaiion  the  stomach  seems  to  try  to  hurry  the  food  into  the  intestine 
Uis  rapid  a  rate  as  possible.     In  one  such  case  a  glass  of  milk  was 
ilninkanil  collected  at  the  fistula.     It  app«ircd  in  one  minute,  and  was 
Wly  recovered  in  four  miinuo*  from  the  time  it  was  swalltiwed.    The 
ifgeons  used  the  following  method  of  determining  the  position  of  the 
An  oyster  was  tie<l  with  a  piece  of  silk  thread  and  svvallowetl. 
few  minutes  it  n])peared  at  the  abdominal  opCTting.     Tlie  thread 
then  cut  at  the  teeth,  pulled  through  and  measured. 
It  is  (juite  im[>ortant  to  wash  the  stomach  out  to  be  sure  it  is 
*ni[)ty,  since  in  cases  of  achylia  the  tube  may  siphon  nothing,  but  the 
Bvih-n-aler  may  show  considerable  solid  matter, 

Megalogasiria  means  eidargenient  of  the  stomach,  and  may  or  not 
!k  anompanted  l>y  motor  insiifliciency. 
H^  Hciasis  refers  to  enlargement    widi   motor   insuffidency;    it   is 
^^Jtony"  if  due  to  real  weakness  of  the  muscle  wall,  is  "hypertonic 
«!>«("  when  due  to  pyloric  stenosis, 

Motor  insufficiency  may  be  absolute  or  relative  and  dilatation  of 
Hw sifmiach  is  in  general  due  to  one  of  two  f.nctors, — (i)  atony  of 
lilt  ea.s|ric  wait,  in  which  case  the  muscle  is  not  strong  enough  to 
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empty  lli«  slomacli;  in  this  Krutip  arc  found  the  largest  stomadii. 
Strauss  reports  a  case  '^  of  hvc  ami  a  half  liters  capacitt. 
{2)  Muscular  insullicieiicy,  that  is,  an  obstruction  at  the  p,vkiru> 
which  reiulcrs  exit  of  the  fond  diflicult,  in  siicli  a  case  the  miade 
wall  may  he  abnornmlly  strong  and  hypcrtrophicd :  in  others  tlicrcu 
no  dilatation  of  the  stomadi.  since  thf  wall  is  extensively  infiltrattd. 

Stenosis  at  the  pylorns  causing  dilatation  may  he  congenital  or 
acquired.  In  the  latter  RToup  are  the  contractions  of  scars  of  ulcm; 
the  result  of  swallowed  irritants;  cancer;  or  the  h>-pertropliic  steitosi 
explained  ;is  due  to  the  continual  cramp  at  the  pylorus  from  irriia^cm 
by  hyperacid  juice  or  an  ulcer;  and  the  pressure  of  external  tuniuTj; 
adhesions,  kinks,  twists,  diverticula. 

In  a  normal  case,  no  matter  how  large  the  meal,  the  stomach  sliouU 
be  empty  in  seven  hours.    A  common  lest  of  motility  is  to  give  witlu'iit 
previous  lavage  a  simple  evening  meal  but  one  of  constant  coinp<Hiition, 
as  of  cold  meat,  bread  ami  butter,  ami  tea  ( Boasl.    If  the  following 
morning  food  be   found,   there  is  considerable  motor  insufficiency. 
If  before  this  evening  meal  the  stoni.ich  h.id  l)ccn  well  washi>d  out  aiwl 
found  empty  in  the  morning,  the  degree  of  insufficiency  is  less ;  if  food  is 
found,  even  more.    If  the  stomach  contains  food  seven  hours  after  3 
full  noon  or  morning  meal,  but  none  after  a  night's  rest,  the  degrtc 
of  insufficiency  is  least. 

Ewaki  and  Strauss  have  recommended  to  gi\'e  one  spoonful  of 
currant  or  raiiiin  preserve  with  the  evening  meal.  The  seeds  of  tlws 
can  be  recognized  in  the  stomach  washings  the  next  morning,  no 
matter  if  the  patient  has  taken  a  large  breakfast. 

If  in  the  morning  the  fasting  stonwch  contain  over  too  cc.  of 
fluid,  motor  insulticiency  may  be  sus|jefted  and  the  increased  secretioD 
attributed  perhaps  to  the  stimulus  of  some  fluid  or  food  which  remains, 
but  such  a  stomach  xvill  be  empty  if  the  evening  l»efore  it  had  been 
washed  clean. 

The  symptoms  of  dilatation  are  those  of  the  disease  causing  it. 
and  the  vomiting  of  large  amounts  of  food  which  has  been  eaten 
more  than  seven  hours,  in  some  cases  even  three  <lays.  before.  The 
vomiting  of  food  in  the  morning  before  breakfast  ia  a  sure  sign. 

To  pl«ftse  those  patiems  irha  object  slreniioutly  lo  a  ttomacb-tubc  the  fotlov 
InK  inclttod  of  Ewald  and  Sitveis  i(  used.  It  is  l)at>ed  on  ilic  iKlirf  ilmt  «atol 
rcmnini  iinchaiiBed  in  the  iiuniach.  but  ji  split  l)>-  the  pancrcalic  juice  and  b»c- 
ICTin  lo  salicylic  aciil  and  phenol.  The  salicylic  acid  h  cxcieted  In  tlie  urine  at 
salicyluric  acid,  which  may  be  ea^tily  detected  hy  the  violet  color  on  the  .icldiiion 
of  ferric  chloride  to  the  nriiie.  The  test  aMumes  thai  the  time  o(  Kptitiine. 
alxiOtpiion.  and  excretion  remoin*  cnnvant,  which  in  not  always  ttwe  One 
gramme  of  salol  i«  gi^'en  with  the  lc»l  hreakfail  and  the  urine  i«  examined  at 
iniervaU.    The  teit  should  appear  in  the  nrinc  .11  the  latest  in  trcvenljf-five  minutc*^ 

"Dcutich.  med.  Wochentcht..  igo^.  No.  15. 
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II  Um  first  aiipearance  »  delayed  longer  there  i«  ccrUmly  inolor  insufficiency. 
But  one  oniXH  be  suie  ihai  ilie  talol  ii  well  mixed  willi  ihe  food  in  ihc  iiomacli, 
udlieiKe  it  may  go  out  wiili  the  lirn  ponions  or  with  ihe  b^l  Aitaiii.  ici  cases 
of  (Ugnaiton  of  the  atomach.  bucieria  ilictv  can  ^iilii  some  of  ihc  salol,  and  iince 
the  muciu  H-ill  aid  it)  this  even  wilhout  the  oiganiMns  Hubof  recommends  to 
iw  H'A  ilie  time  uf  the  appeacanoc  liiii  of  the  disappear  an  cc  of  the  salicyluric  acid, 
»liieh  »l<ould  have  ceated  in  (rom  twcniy-iix  to  twenty- seven  honrs.  Th*  uiinc 
II  tiierefoM  exannned  first  twenly-»even  hours  after  the  meal,  and  if  found,  at 
mienaU  of  three  liourt,  Sahli  recommends  lo  dctcniiinc  both  its  appi-atunce 
lod  ditappcsrance.  While  this  is  a  very  gross  test,  it  doci  give  a  certain  amount 
ol  iniorniation  In  casei  wiih  disturbed  motility,  especially  in  those  with  simple 
uoity  and  pyloric  iieno^ii.  the  te»t  may  not  appear  for  several  hours,  and  may 
rauinoc  tor  even  forty  liours. 

Jodipiii  hai  alKj  been  recommended  by  Winternlix."  Pancreatic  secretion  and 
the  bile  ate  nccesNiry  to  split  iodine  from  (bis  fatly  compound. 

To  determine  Ihe  amount  of  rctlduc  In  ibc  ttomncli  various  methods  have 
ben  proposed,  such  as  (he  iniroduclion  of  loo  gms.  of  olive  oil  ( Klumperer)  and 
Ibi  removal  of  as  much  as  po«ibIe  in  tun  hours,  washing  well  with  WHter  and 
■eianiinf  tlie  oil  in  a  sep*rating  funnel.  This  method  is  severely  criticised 
uut  the  oil  doeii  not  mix  uniformly   willi  the  contenlt, 

S6rct)s«n  and  BraiidcnbiirR  "  recommend  to  give  on  the  empty  Jlomach  300 
»  S«  «.  of  3  per  cent,  prniciacn.  Of  this  there  is  removed  as  much  ai  posiible 
in  ffoni  ODe-half  to  one  hour.  From  100  to  300  cc.  of  water  arc  then  introduced 
lad  igiin  removed.  Tlic  niiroeen  in  both  fractions  is  determined  by  the  Kjeldahl 
iBUhoi,  and  from  lhi»  the  content*  calculated. 

As  regards  the  composition  of  gastric  juice  in  dil.itcc!  stomachs, 
ilwill  depend  on  the  disease  cauaiiifj  the  dilatation.  In  general  there 
w  two  groups  of  cases.^those  with  acid  and  those  with  anacid 
ronteits.  The  former  occurs  in  cjises  of  nicer  and  of  contintious 
stWrtion.  ihc  latler  in  cancer  and  chronic  gastritis.  In  fjeneral  the 
■■DOJsa  becomes  less  sensitive,  owing  jierhaps  lo  the  constant  presence 
of  food  and  the  gradual  development  of  a  chronic  gastritis,  hence  the 
*ci(liiy  reduces. 

Of  45  of  our  benign  cast*,  7  were  hyperacid.   15  showed  normal  acidity.  9 
^^IMiridity  with,  and  4  without,  any  free  hydrochloric  acid. 

By  "  hyperacidity"  is  meant  the  secretion  of  abnormally  acid  gastric 

Juice  ihinng  iligcstioii.  that   is.   while  there  is  normal   siimithts   for 

s^iTction.     By  "hypersecretion"  is  meant  a  secretion  of  gastric  juice 

"»  antount  out  of  proportion  to  the  physiological  stimulus,  or  when 

'His  14  absent,     Hyperacidity  is  qualitative,  hypersecretion  is  qiiantita- 

*'\c.  yet  Ihey  usually   coexist.       Hyperacidity  often   exists   wilhout 

Symptoms,  is.  iti  fact,  often  a  constitutional  anomaly:   hypersecretion 

la  always  pathological  and  produces  pathological  results  (Riegel). 

Hyperacidity,  Supcracidity,  Hypcrchlorhydria,  or  HyperaciditaB 
*l)rfrochlorica.— This  secretion  rtf  very  acid  juice  during  digestion, 
"\Li  not  i>n  the  empty  stomach,  involves  not  alone  the  total  acidity,  but 
^^pecially  the  increased  free  hydrochloric  acid.     There  might,  indeed, 

"Zcinch,  f   phj'inl.  rhemie.  vol    xxiv. 
'Arch.  1.  Veidau ungsk rank hei ten,  Bd.  S. 
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be  a  high  total  acUlity  (hi«  to  a  large  amount  of  organic  acids  nliiri)    I 
would  not  come  under  this  head. 

This  niay  be  due  to  nervous  causes,  to  defective  ncnous  contrel.  I 
or  to  changes  in  the -mucosa.  After  the  Riegel  inea!  the  motility  is 
found  normal  or  even  increased  (hyperkincsis),  and  the  stomach  empty 
at  tlie  end  of  six  or  se^'en  hours,  and  soinetitties  even  in  three  to  four 
hours,  the  food  being  discharged  into  the  intestine  before  it  is  ready. 
'Hie  acidity  per  cent,  is  often  too,  sometimes  J50  to  160  or  raort 
following  the  meal,  and  over  70.  and  even  100  or  more,  with  the  test 
breakfast.  The  free  acid  after  the  meal  is  60  to  80,  after  the  breakfast 
from  50  10  60.  Organic  acids  are  absent.  Others  (Mcunicr)  say  the 
acidity  alone  is  not  important,  hut  the  specific  gravity  must  be  low, 
1007  to  1019  instead  of  1022  to  1040,  as  normally. 

The  digestion  of  meat  is  e.\cellent,  but  not  that  of  starch.  .Absorp- 
tion is  good.  Some  of  these  cases  are  certainly  futtctional.  while  othen 
are  secretory  neuroses.  For  this  latter  di-ngnnsis  all  causes  for  gastric 
disease  must  be  CMcludcd.  and  the  increased  acidity  should  vary  with 
the  nervous  symptoms  and  be  very  variable,  hence  the  term  "  bcter- 
ndiylia  "  ( Ilommeter).  while  in  chronic  gastric  disease  the  aci<lity  is 
quite  constant,  The  hyperacidity  may  be  present  only  during  certain 
periods  and  following  certain  nervous  stimuli,  an  important  point  in 
a  (liagiKwis  at  hvnt  difTicult. 

Hypersecretion.  Supersecretion,  Continuous  Secretion  "  Gastro- 
fiuccorrhcea." — In  continuous  secretion  the  secretion  continues  when 
the  stomach  contains  no  food.  If  the  bread  of  the  Ewald  breakfast 
be  given  without  the  water,  and  much  is  removed,  it  means  tnic  hy]ier. 
secretion  due  to  a  disproportion  Ijetwcen  stimulus  and  response — the 
free  acidity  is  relatively  high,  which  is  a  valuable  point  in  rtding  out 
motor  iiisufliciency.  Continuous  secretion  is  determined  by  finding 
much  acid  gastric  juice  in  the  fasting  stomach  and  without  anything 
|o  indicate  stasis.  To  exclude  food  the  stomach  m\ist  be  well  washed. 
Iliis  condition  may  be  constant  or  intcriuittcnt.  a  part  of  a  general 
neurosis,  a  secretory  neurosis,  or  the  result  of  organic  nervous  disease. 
Among  the  last  may  be  mentioned  the  gastric  crises  of  tabes  dorsalis; 
among  the  first  are  cases  of  gastroxynsis  ( Rossbach).'*  It  is  seen 
in  neurasthenia  and  hysteria,  myelitis,  general  paralysis,  and  even  the 
excessive  use  of  tobacco.  In  the  periodic  or  intermittent  cases  ( Rcich- 
mann's  disease),  during  the  intervals  the  person's  <ligcstion  may  be 
perfectly  normal.  Tlicn  occur  sudden  pains,  acid  eructations,  and  the 
vomiting  of  a  cloudy  yellowish  (Inid,  first  with  food,  then  pure,  often 
sei'cral  hundred  cubic  centimetres  of  fluid  of  normal  or  increased 
acidity,  the  latter  usually  only  when  food  is  present  ftotal  acidity  30 
to  50,  abimdant  free  HG). 

"  DeutKh.  Arch.  f.  kliD.  Med.,  Bd  3S- 
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In  the  diagnosis  of  the  chronic  cases,  many  of  which  are  consitleretl 
as  Eiuictional  disturbances,  all  that  is  necessary  is  to  find  considerable 
gastric  juice  in  the  food-free  and  previously  empty  stomach,  and  in 
amounts  over  lOO  cc.  (Some  consider  50  cc.  a  safe  limit;  and  some- 
times 1000  cc.  are  found.)  Yet  many  now  doubt  any  such' pure  form, 
considering  that  stasis  always  precedes  and  hence  food  is  always  pres- 
ehl,  also  that  all  such  cases  are  due  to  ulcer  or  its  se(iiiel;e.  and  that 
ihe  motor  disturbances  resulting  are  more  important  than  the  secretory 
abnomiality.^'  These  chronic  cases  are  of  long  duration  with  a 
gradual  onset.  There  is  discomfort,  the  feeling  of  weight,  acid  eructa- 
tions, pain  at  the  height  of  digestion,  which  increases  until  relieved 
by  vomiting.  Night  vomiting  is  especially  characteristic.  The  pain 
often  occurs  before  the  meals  and  is  relieved  by  eating.  From  500  cc. 
to  1000  cc.  or  more  may  be  vomited  in  severe  cases,  of  cloudy  fluid, 
uliicti  on  standing  separates  into  three  layers.  The  gastric  juice  is  either 
nonnal  or  slightly  hjperacid, 

Riegel  recommends  in  the  diagnosis  of  these  cases,  first,  the  removal 
of  the  contents  at  the  height  of  digestion  after  a  full  test  meal ;  then  on 
the  following  morning  the  fasting  stomach  is  tested.  On  the  third 
morning  the  tube  is  again  introduced,  the  stomach  having  been  washed 
the  pre\'ious  night.  One  must  be  sure  by  washing  (Utt  the  stomach 
that  it  was  indeed  clean,  for  food  fragments  easilv  remain.  After  the 
test  meal  one  often  gets  over  one  litre  of  contents,  with  a  total  acidity 
percent,  of  from  90  to  100,  free  HCI  50  or  more  (sp.  gr.  1004  to 
'006.5).  A  case  reported  by  Thayer  is  a  good  illustration.  It  was 
oftno  years*  duration;  the  total  acidity  after  the  Ewald  breakfast 
'ss  113:  the  fasting  stomach  always  contained  even  420  cc.  of  acid 
"uid.  acidity  per  cent  often  117;  digestion  was  good. 

In  these  case."?  dilatation  of  the  stoinach  results,  and  sooner  or  later 

.'■easts  and  sarcinre  may  be  found.     .As  alwive  said,  some  think  that 

fiesc  cases  are  not  true  hypersecretion,  but  that  the  primary  element 

I*  the  atony  of  the  stomach,  which  allnws  a  certain  amount  "f  gastric 

/I'ice  to  remain,  which  tluid  serves  as  a  stimulus  to  further  secretion. 

"iegel  considers  that  the  atony  alime  is  not  sufficient,  since  in  so  many 

^Sses  of  motor  insufficiency   the   stom.ich    will    remain    empty   after 

'*  is  washed  out,  and  not  secrete  nmre  if  sume  water  is  left  in.  hence 

"^me  other  factor  is  necessary  to  explain  tiie  secretion,      .\gain.  nuich 

*'f  the  motor  insiifficiencj'  is  the  result  i>f  the  hyperacidity  and  liyiicr- 

''^retion,   which  cause  spasm   of   the  pyltirus.   hence   failure   of  the 

stomach  to  empty  itself,  and  hence  dilatation.     In   several  casc«  nf 

'dilatation  of  tlie  stomach  relieved  by  npcratidn   the  coniliiinu   ='".n 

Recurred,  showing  that  the  secretory   abnormality   was   the  basis   nf 

the  trouble  (Riegel).     It  must  also  be  admitte<l  that  such  stomachr 

"  Kaufmann.  Am.  Jour.  Med  Sei.,  1904.  vol.  cuNvii. 
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are  abunnnany  sensitive  Ii>  stiitmlus.  while  in  simple  ililaiatioii  with 
stasis  ilic  mucosa  dues  nut  respiHid  witl)  normal  irritaliility,  Init  'ftii^ 
dulled  by  the  constant  presence  of  food. 

Other  such  cases  ordinarily  called  nervous  ar«  supposed  In  W 
rcdcx  disturbances  from  the  intestine  and  arc  relieved  by  treating  ihiv 
organ." 

Nervous  Dyspepsia.— Hyperacidity,  hypersecretion,  anad'lity.  ate 
conditions  whitii  may  accompany  a  variety  of  ilisturbances.  anJ  a 
terms  tbey  refer  only  to  tlie  chemical  eoinposition  of  ilie  gastric  juice. 
These  abnormalities  of  secretion  may  be  due  to  tirganic  changes  uf  llie 
mucosa,  to  functional  disturbances  following  liad  habits  of  eating.  ]Hwr 
food.  etc..  or  be  a  part  of  a  general  neurosis,  "  nervous  dyspepjia." 
In  tliis  country  the  last  is  an  exceedingly  common  maiiifesialinn  of 
neurasthenia  whicli  stoniacli  specialists  abroad  sjteak  of  as  the  "  .ViiW- 
ican  disease."     Yet  it  is  exceedingly  diUktilt  to  separate  the  eleintnt 
due  to  food,  rapifl  citing,  etc..  from  the  neurotic  element,  ami  in 
the  majority  of  cases  perliaps  Ijoili  coexist.     There  is  iisiintly  giwd 
reason  for  gastric  distress,  and  a  nemasthenic  will  often  worry  his  ftib— 
liminal  gastric  sensations  into  the  sphere  of  consciousness. 

Some  of  tlicse  neurasthenics,  if  one  tests  the  gastric  juice,  s\\<y«r 
hyperacidity:  more,  slight  subacidity:  and  many,  noniul  condilioT». 
It  is  interesting  that  the  subjective  features  bear  so  little  relation  to 
the  condition  of  the  gastric  juice,  a  patient  with  hyperacidity  de.scrith 
ing  sometimes  quite  similar  sensations  as  an  anacid  case,  tmless  vomit- 
ing also  occur  which  the  latter  is.  as  a  rule.  .si>areil;  anrl  one  with 
apparently  normal  gastric  juice  sometimes  complains  as  much  as 
either  of  the  others. 


In  ihii  clink  diirinic  the  pa»t  fi>iir  years  wr  have  had  300  such  cases.  Wc 
bst'F  made  no  effort  to  tejiatate  "  functional"  ca*c»  from  the  purely  neurotic. 
Eighiy-iwo  were  ca*«  of  hyiicrHcidily  (this  include*  the  tsKi  of  super itcretion 
Bnd  coniinuous  necreljnn:  all  lifiutes  quoted  are  thoie  of  llic  Ewalil  hrolcfaM) 
Of  xt  others  the  climcAl  features  were  hyperacidity,  altliouRh  the  total  iicidiiy  <w 
not  ni'cr  70.  In  J6  casen  llie  loial  aciility  wax  JO  to  80,  the  free  J]  to  6(>  (the  major- 
hy  from  4S  to  55) ;  \n  n.  from  80  in  90,  free  aeiil  ^  li>A8  (the  majority  55  lotis): 
in  15,  from  go  tn  100.  free  add  j,i  lu  8$:  in  10,  from  too  to  11a  free  actd  60  to 
Bg.  -■V.i  reuafds  atiiouiit  of  liiiid  obl.iincd  one  honr  after  the  test  breakfait  over 
■00  CC.  were  olilained  in  the  lint  icruup  (total  acidity  70  lo  do)  in  30  p«T  cent, 
of  tlie  caics:  iii  the  second  srnup,  in  35  per  cent.;  in  the  third,  in  20  per 
cent, :    while  in  the  group  with  lotnl  acidity  over  100.  in  a)  per  cent, 

Subactdiiy  (loinl  acidiiy  le<s  than  40)  wa&  prcent  in  170  casei,  in  6i  a£ 
whom  there  «ra«  no  (rcc  hydrochloric  acid.  In  the*e  61  caies  the  total  acidit)^ 
was  seldom  over  ao,  ill  i!^  wat  lo  or  leu.  and  in  4  the  fluid  wa«  practically  neu- 
tral to  lilmiiE  It  is  of  inlcrett  that  in  these  subacid  cases  in  bul  4  per  cent 
WAS  more  Ihan  100  cc  obtained,  while  in  8  per  ccnL  nothinit  could  lie  siphom 
off  at  ihc  end  of  one  hour.  In  148  cases  the  nastric  juice  was  found  practicall 
tiornuJ.  Thi>  may  illuslratc  the  l.irk  of  pafalleh<ni  so  often  seeii  helwreii 
MnMlions  and  the  chemical  findin&s.  hut  one  must  ulso  consider  the  po«sibilrly  t: 

"  Fabet,  Areli.  t.  Verdankhtn,  Bd.  ;. 
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itita  bmkiasts  were  tioi  stvtn  at  the  best  tinic  to  observe  the  abnormaliiy  in 
mrdioii. 

Acute  Gastritis. — By  this  is  meant  an  acute  initation  or  inflani- 
miiion  of  the  superficial  layers  <jt  the  mucosa,  resulting  in  increased 
muciis  secretion.  <ir  desquaiimtiun  of  tin-  ejiithelitini.  nnd  flistnrbance 
uf  secretion.  It  may  be  primarily  due  to  the  direct  irritation  of  foods, 
poisotts.  or  inlDxiciitions.  heat.  cold,  etc.,  ur,  secondary  to  various 
dironic  diseases.  The  voniitiis  of  these  cases  is  acid  in  reaction,  of  a 
hid  odor,  often  fermented,  the  food  inidigeslc<l  as  a  ride  and  with 
mud)  mucus.  The  total  acidity  is  diminished,  free  hydrochloric  acid 
.ilMtni  as  a  rule,  and  often  organic  acifl  present.  Kareiy  is  the  reaction 
neutral.  If  there  has  been  much  retching,  the  vomitiis  is  bile-stained 
"r  even  pure  bile.  A  test  meal  will  show  mucus,  undigested  food, 
simI  little  or  no  free  HCI. 

Wt  have  records  of  but  live  good  eatea.  all  willi  subacid  or  neutral  fluid. 


GASTtUTIS  CHLKCMONOSA  or  INTEKSTITIAU  PURULENT  GASTRITIS 
o  a  very  rare  condition.  It  is  an  inllammation  of  the  entire  gastric 
"all  even  lo  the  serosa.  When  locali^-cd  it  gives  rise  to  gastric  abscess. 
^  'jmiting  is  present,  as  a  rule.  In  llie  60  tiiffnse  cases  reported,  how- 
^^'cr.  pus  has  not  been  present  (Riegel),  but  has  liccn  in  a  very  few 
^^ses  of  abscess. 

In  (he  GASTRITIS  acuta  PURULENTiA  (  Lciilw)  the  inHannnation  is 
•'iiiiied  lo  the  mucosa. 

Chronic  Gastritis. — Oironic  gastritis  is  not  nearly  as  common  as 
's  its  diagnosis.  It  exists  in  all  grades  to  atrophy  of  the  mucosa. 
P"unctior\al  disturbance  nnisi  first  be  excluded,  and  only  those  cases 
>Qctii(k«l  in  which  there  arc  <Icfmite  signs  of  gastritis  with  increased 
•Uncus  fonuation.  One  of  the  connnonest  symptouis  is  vomiting. 
Csfiecially  on  an  empty  stomach  in  the  morning  or  at  the  height  of 
tl^estion.  of  undigested  or  poorly  digested  food  mixed  with  mucus. 
If  on  the  fasting  stomach,  it  consists  of  bile-stained  mnciLs.  well  seen 
in  tlw  morning  vomiting  nf  alcoholics. 

The  test  meal  must  be  trieil.  Tlie  amount  removed  is  about 
normal.  Tlie  foo<I  has  the  a(i|>earance  as  if  just  swallowed,  and  much 
uitKus  is  present  which  is  intimately  mixed  with  the  food.  Tliis  ren- 
ders its  removal  through  the  tube  difficult  and  its  fdtration  tedious,  The 
presence  «>f  thi.t  mucus  is  indispensable  for  the  diagnosis,  since  large 
amounts  from  tlic  stomach  indicate  catarrh.  The  macroscopic  appear- 
ance is  the  Iwst  standard  for  amount.  To  judge  the  amount  of  nnicus, 
however,  the  stomach  mn.st  be  thorotighly  washed,  since  the  most 
appears  in  the  later  washings.    Hence  it  is  that  the  vomitus  is  go  often 
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deceptive  in  this  particular.     The  needle  douche  tubes   are  ofb 
valuable. 

The  secretion  is  usually  diminished,  and  in  late  cases  with  atrqil 
of  the  mucosa  there  may  be  no  secretion  at  all.  Free  hydrochloric  ac 
is  diminished  or  absent,  but  the  total  acidity  varies  and  for  sh( 
times  the  free  acid  may  return,  hence  the  necessity  of  repeated  exaj 
inations.  There  are  cases  of  acid  gastritis,  but  they  are  ran 
diagnose<l.  though  this  may  be  due  to  the  fact  that  they  are  an  e? 
stage  before  the  patient  consults  a  physician. 

Of  our  27  cases,  one  was  slightly  hyperacid  (72,  total  acidity)  :  in  id 
acidity  was  within  normal  limits,  and  in  15  below  40,  nine  of  whom  had  no  ' 
acid.  Four  of  these  could  be  termed  atrophic  caiarrh,  and  one  additional  < 
from  which  stomach  could  be  obtained  by  the  tube  bul  i  cc.  or  more  of  t 
stained  mucus,  at  autopsy  was.  found  to  be  a  case  of  cirrhosis  of  the  stomach. 

For  the  diagnosis  of  a  gastritis  acida  it  is  necessary  to  find  in 
fasting  stomach  mucus  with  many  cell  nuclei  and  a  hyperacid  ju 

As  a  rule,  there  is  diminished  secretion,  and  as  the  case  progre; 
the  secretion  becomes  less  an<l  less ;  pepsin  is  also  reduced.  Org: 
acids  are  present  when  there  is  considerable  atony,  and  then  0 
in  small  amount.  Proteid  digestion  suffers,  yet  there  is  usually  enoi 
gastric  juice  to  digest  some.  Starch  digestion  is  not  disturbed; 
rennet  is  diminished  as  well  as  the  pepsin,  and  is  considered 
Bouveret  as  a  good  criterion  for  the  intensity  of  the  case  and 
prognosis.  The  amount  of  fermentation  will  depend  upon  the  motil 
Einhorn  considers  that  in  chronic  gastritis  one  commonly  finds  fr 
ments  of  the  nnicosa  in  the  wash-water.  Motility  is  sometimes  norr 
sometimes  increased,  or  sninetinies  diminished.  If  normal  or 
creased,  the  intestine  will  act  vicariously  and  hence  very  few  syi 
toms  be  lircscnt.  If  decreased,  these  arc  more  severe,  and  yet.  fi 
the  presence  of  undigested  food  at  a  time  that  the  stomach  should 
empty,  one  camiol  conclude  that  motility  is  disturbed,  shice  norm, 
only  food  which  is  digested  to  a  certain  point  is  allowed  to  pass  i 
the  intestine.  Again,  in  such  crises  there  is  often  a  slight  obstruct 
at  the  pyliirus  due  tn  the  inHammalury  swelling  of  the  mucosa. 

Mucus. — Mucus  in  the  stomach  wnshint;  is  present  in  delii 
transparent  flakes,  never  in  balls,  is  mixed  with  the  food,  and  sink 
water.  These  flakes  may  not  be  present  in  the  vomitus  or  in  the 
phoned  thiid,  but  may  be  obtained  in  abundance  if  the  stomach  be  \ 
washed  out.  especially  if  a  needle  douche  tube  be  used;  hence  from 
meal  or  vomitns  alone  a  wrong  opinion  concerning  the  amount 
nuicus  is  sometimes  obtained.  The  nnicus  from  the  respiratory  [ 
sages  is  in  balls,  glairy,  usually  contains  air.  is  therefore  frothy  ; 
swim.s  in  the  water,  often  contains  epithelial  cells  and  pigment  wY 
will  disclose  its  origin.     It  is  not  mixed  with  the  food.     The  gas 
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■     inuciis  contains  tlic  nuck-i  ni  Icucocytfs.     Wluii  iliRCStiun  Is  [loor  lliese 

I    «!!i  may  reiiiaii)  well   preserved.     The  presence  of   mnciis   in  ilie 

I     imsliings  may  iim  indicate  an  increased  sccreliitn.  since  lli;il  immially 

J    SKKted  may  not  have  been  digested  because  nf  the  lack  of  hydrochloric 

IH     acid,     Muciis  is  iinnnallv  increased  on  a  starch  diel.  e.g.,  yet  so  litlle  is 

iH     pre>ciil  that  one  must  hum  for  a  few  tlakcs  even  in  the  cctUnfngaiized 

^H    MaAinfis.     A  Rrcat  increase  of  gastric  mncus  indicates  a  gastric 

^K   alarth.     Mucus  is  uurnially  dijiested  by  the  gastric  juice  one-lialf 

^H   a  fast  as  is  .iltniniin.     Again,  when  there  is  a  little  acid  present  the 

^H    muoisniay  suell  and  hence  appear  large  in  volume.     It  \i  remarkably 

^H.aereaseil  in  carciimma  of  the  stomach  and  in  chronic  gastritis  with 

^r  tttiphy  of  the  mucosa.     The  rc;ison  for  its  increase  is  in  considerable 

I        ''wjbi.  ami  is  attributed  to  an  abnormal  stinmlation  of  the  mucous 

f       fells  of  the  glands,  which  after  all  secretion  of  pepsin  and  acid  has 

fcaimi  will  conlinne  to   form  even   more  nnicn.s   than   normal.       In 

*"nK  eases  with  hyperacidity  there  is  an  increased  mucus  production, 

"m  lliis  is  not  the  rule,  for  in  general  mticiis  and  hydrochloric  acid 

*'ar)'  inversely.     To  get  some  idea  of  the  amount  acetic  acid  should 

'''"»i  !«  used,  since  the  partially  digested  nmcus  is  not  precipitated  in 

gJHis  way 

^f      Atrophy    of  the   Mucosa.     Achylia   Gastrica. — Achylia    gastrica 

**">ay  be  due  to  a  functional  disturbance  of  an  apparently  normal 

I  *^uci'sa  or  to  real  atrophy  ttf  the  mucosa ;  and  the  latter,  the  end  .stage 

'  ^f  a  chronic  gastritis  or  the  result  of  cancer  and  other  diseases  which 

^*ad  to  degenerative  changes  in  the  mucosa.     When  due  to  atrophy 

*T  is  a  gradual  process,  the  secretion  diminishing,'  until  finally  there  is 

Almost  no  giiMric  juice,     llie  diminished  secretion  may  Ik  due  to  a 

^hrery  small  cancer,  and  much  of  the  mucosa  seem  intact;  it  seems  due 

^^o  some  toxic  substance  from  the  tumor.     Achylia  gastrica  can  exist 

Avlien  there  is  canter  in  other  organs   (breast,  intestine,  (rsojjhagus. 

titenis.  el  at.),  and  before  any  disturlnncc  of  the  general  health.     In 

cimditions  with  general  malnutrition  also  it  may  Iw  present,     'niose 

cases  of  particular  interest  resemble  pernicious  ana'inia.  and  yet  the 

local  trouble  may  not  be  susiiccted  provided  the  motility  of  the  stomach 

be  good,  atid  sometimes  il  is  increased,  yet  if  slight  atony  exist  also 

the  symptoms  will  Ik;  evident  enough.      If  the  motility  is  good  the 

intestine  will  act  vicari<nisly. 

StHnc  cases  are  of  nervous  nature.  Einhom  reiKirts  such  a  case  of 
five  years'  duration  of  achylia  and  then  a  return  to  normal.  The 
discovery  may  lie  purely  accidental.  On  the  other  hand,  the  nervous 
symptoms  may  disappear,  leaving  the  achylia  still  in  evidence. 

Airopliic  stomachs  are  very  susceptible  to  injury,  and  it  ts  not 
unconmwm  in  the  washings  lo  get  jiieces  of  mucosa  which  seem  to 
show  a  granular  ga.<>triiis.    Such  cases  vomit  often,  not  always,  and. 
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as  a  rule,  soon  after  eating,  tlie  vomitus  consisting  of  undigested  iood, 
and  is  almost  never  bloody.     For  diagnosis  of  acliylia  the  test  mea/ 
is  necessary,  and  this  perhaps  is  the  condition  in  which  the  test  meai 
gives  the  most  positive  results.     It  should  be  repeated  several  times. 
It  is  impossible  to  remove  much.     The  food  is  little  changed,  the 
total  acidity  is  very  slight,  from  i  to  4.    There  is  no  free  HCl.    Lactic 
acid  is  rare  imJess  there  be  severe  ectasis.    To  diagnose  the  anatomical 
condition  is  more  difficult.    The  ferments  may  fail,  an  important  point 
in  diagnosis.    It  is  easy  in  washing  out  the  stomach  to  get  fragments 
of  mucosa  and  traces  of  blootl  showing  the  vulnerability  of  the  mucosa. 
Mucus  is,  as  a  rule,  absent,  yet  early  there  may  be  much,  and  later  the 
mucosa  may  consi,st  chiefly  of  mucous  cells,  the  glandular  cells  having 
disappeared.     To  obtain  nothing  through  the  tube  does  not  necessarily 
mean  an  empty  clean  stomach,  since  by  washing  the  dry  contents  may 
be  removed.    Eisner,*^  ct  ai,  consider  the  vicarious  action  of  the  intes- 
tine to  be  overrated:    undigested  food  should  be  retained,  and  if  the 
stomach  is  washed  out  this  will  be  found. 

EUner's  method  of  Tneasuring  motility  is  (o  wash  the  stomach  out  well  one 
hour  after  the  test  meal.  This  fluid  is  allowed  to  stand  in  a  graduated  cylinder 
for  Iwenty-four  hours,  then  the  amount  of  residue  read  afler  several  decantings. 
If  there  is  over  210  cc.  of  residue  there  is  motor  insufficiency  in  addition   to  the 

achylia. 

Ulcer  of  the  Stomach. — The  clinical  types  of  this  disease  are: 

( 1 )  The  latent  form  which  may  pass  unsuspected  or  until  hemor- 
rhage or  perforation  occurs. 

(2)  The  iiemorrJiagic  forin,  which  may  be  acute  and  sometimes 
fatal,  or  chronic,  causing  considerable  ana;mia  and  cachexia  resulting 
from  the  frequent  small  hemorrliages,  tJie  stools  always  containing 
a  certaiti  amount  of  blood. 

(3"'   The  acule  perforative. 

(4)  The  chronic  dy,s]>cpsia.  in  which  case  the  dyspeptic  symptoms 
are  the  most  evident,  and  the  chnnicteristic  symptoms  of  ulcer  vary, 
the  most  important  chemical  signs  being  the  Iiyperacidity  and  the 
absence  of  mucus. 

(5}    Neurotic,  or  ga.stralgic  type. 

(6)  The  vomitive  form.  witJi  vomiting  as  the  worst  symptom. 

(7)  The  cachectic  form,  whicii  presents  the  picture  of  a  cancer. 
The  cardinal  symptoms  of  this  disease  are:  (i)  Increasing  dys- 
pepsia, usually  of  long  duration.  (2)  Pain,  paroxysmal  and  local. 
from  half  an  hour  to  two  liotirs  after  the  meal  when  peristalsis  is  most 
actively  nibbing  the  fotxl  across  the  ulcer,  (3)  Vomiting  of  well- 
digested  food  and  acid  vomitus,  usually  one  to  three  hours  after  the 
meal  at  the  height  of  the  paroxysm,  but  often  in  the  morning  also 
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^«  the  juice  is  then  lij|)eraci(l.  niul  followed  at  once  by  a  diminution 
•'i  ihc  pain.     (4)   Blood  is  only  at  times  present,  and  in  from  30  to 
So  per  cent,  of  tlie  cases.     As  :i  nile.  it  is  dark  in  color,  due  lo  the 
hxniatin  formed  by  the  liy<lri.Kliloric  acid,  although  if  the  stomach  be 
(mpty  it  may  be  arterial,    llicre  is  often  blood  in  the  st<M)!s  intimately 
mixed  wiili  the  food,  but  not  as  constantly  as  in  cancer.     In  case  the 
blood  rests  a  long  lime  in  the  stomach,  the  vomitus  may  be  of  cof^ee- 
jfround  appearance,  in  which  case  iron,  wine,  and  coffee  of  the  medi- 
cines and  fixid  must  be  exchided.    hi  many  cases  the  blood  of  the  stools 
is  unsuspcctc<l.     Dthcr  sources  of  hemorrhage  must  l>c  excluded, — 
Tulterculosis,  cancer,  chronic  passive  congestion,  cirrhosis  of  the  liver. 
nipturc    of    an    fcsophageal    varix.       ( 5 )    Myperacidity.    a    classical 
symptom  which.  Ewald  says,  is  present  in  but  alxjiit  half  the  cases. 
The  (lifie*tioii  is  good  and  motility  ustially  rapid.     In  an  average  of 
75  cases  tcstc<I  with  the   Uicgel   meal  he  found  the  total  acidity  to 
average  105.  the  average  free  HCl  50.  with  a  maximum  of  &).     But 
the  acid  may  l)e  diminished,  due  ti>  later  disease  of  the  mucosa,  catarrh, 
etc.     lite  two  groups  must  be  distinguished  of  the  fresh  and  the  old 
ulcers,  and  in  the  latter  cases  much  lower  acidity  may  be  expected. 

The  result  in  such  cases  may  he  stricture,  or  severe  ana>niia  due 
to  the  insnOifient  mitrition.  vomiting,  or  lieiuorrhage.  In  case  the 
blood  is  lost  chiefly  by  the  stools  the  ulcer  may  be  unsuspected  and 
ihe  case  Iw  diagnosed  as  ixrniicious  ana-mia.  Canters  may  develop 
on  ihc  bed  of  the  ulcer, — in  fact,  some  Uiink  the  majority  of  cancers 
begin  thus. — ami  at  the  time  of  death  the  acid  still  be  considerable.  In 
most  ca*.es  it  gradually  diminishes  until  the  picture  is  typical.  One 
examination  of  the  gastric  juice  is  never  enough.  Repeated  examina- 
tions must  be  made  in  order  to  get  a  general  idea  of  the  acidity.  In 
the  case  of  developing  cancer  it  is  the  vari-ible  yet  diminishing  .acidity 
which  is  important,  and  yet  cases  of  ulcer  may  have  a  normal  or 
diminished  amount  of  hydrochloric  acid. 

Thf  8a  cn*c%  of  thin  clinic  have  Iwen  reported  by  Howaul*  Votniling  was 
prei«nt  in  85  j  jiet  cent.,  c^pccially  in  the  ca*cs  with  ulcer  al  llie  pylonis,  Voiniiiiig 
of  blood  omirrcd  in  75.^  per  ccnl. :  in  nnc-thiril  only  wai  the  blood  bright  red 
After  the  te*l  breakfast  murv  than  50  i-c.  wa^  nhuitieJ  from  54  per  cent,.  .^7.5  per 
cent  showed  hypcmciriily.  J3.5  Prr  cent,  ^uhaciility  (for  the:tc  figure*  the  acidity 
per  cent,  of  60  was  con!>i(lcreil  the  upper  limit  of  nnmian.  In  18  per  cent  there 
wu  no  free  hydrochloric  acid,  in  14  per  cent  lictic  add. 

DiJODKNAi,  ri.cKR  is  oftcu  impossihlc  to  diagnose.  Yet  the  posi- 
tion of  the  pain,  its  late  occurrence  after  the  meal,  and  the  fact  that 
all  tlie  blood  will  appear  in  the  stools  is  .suggestive,  llviicracidity  may 
be  present.    These  ulcers  are  more  often  latent  than  arc  the  gastric. 

Hemorrhagic  Erosion.s. — It  is  doubtful  whether  there  is  for  this 
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a  characteristic  complex  which  as  yet  can  be  recognized.  The  most 
valuable  point  is  that  in  washing  the  empty  stomach  there  have  ban 
found  usually  fragments  of  the  mucosa  without  marked  pathol(^cal 
changes.  Vomiting  is  rare.  The  acidity  is  normal  or  diminished. 
rarely  increased. 

Cancer  of  the  Stomach. — Clinically  these  cases  may  be  separated 
into  the  latent,  those  with  cachexia  but  no  gastric  symptoms,  and  those 
with  localizing  symptoms.     The  important  diagnostic  points  of  this 
disease  are  its  rather  sudden  onset  with  dyspeptic  symptoms  in  a  person 
beyond  middle  life,  unless  it  be  a  case  that  develops  on  the  base  of  an 
tilcer  the  symptoms  of  which  have  long  preceded  it:  loss  of  weight  and 
strength:  aniemia;  pain;  vomiting;  and  on  chemical  analysis  lack  o( 
free  hy{lrochloric  acid,  the  presence  of  lactic  acid  and  of  the  Oppler- 
Boas  bacillus. 

Of  these  local  symptoms  and  signs,  however,  any  one  may  be 
absent.  Vomiting  is  common  (in  85.3  per  cent,  of  our  first  150  cases), 
yet  it  depends  upon  the  position  of  the  cancer;  if  at  the  pylorus 
causing  stenosis,  the  vomiting  will  be  late  after  a  meal ;  if  at  the  cardia( 
orifice,  there  will  l>e  regurgitation  at  once  after  eating.  There  is  least 
vomiting  when  the  cancer  is  on  the  stomach  wall.  If  there  is  no  stenosif 
at  either  orifice,  there  will  often  be  none,  yet  in  6  of  30  cases  with 
the  cancer  at  an  orifice  there  was  none.  In  those  cases  with  dtlater 
stomach  due  to  stenosis  the  amount  of  vomiting  is  often  from  a  hall 
to  one  litre  or  more  of  food,  in  which  may  be  recognized  that  eaten 
days  before,  in  one  of  nnr  cases  four  weeks  (Osier  and  McCrae).  Tlit 
albuminons  part  of  tlie  food  is  poorly  digested,  hence  the  meat  ir 
lumps,  with  mucus  often,  sometimes  decomposed  and  often  with 
digested  blood.  Some  hemorrhage  is  almost  constant.  It  is  parenchy- 
matous as  a  rule,  and  yet  it  may  he  rapid  and  fatal.  It  is  ufteii  an  early 
feature,  and  leads  to  the  diagnosis  of  ulcer.  Often  the  palient  will  not 
know  of  the  hemorrliage  unless  his  stomach  l>e  washed  out  or  his  stirals 
be  carefully  examined,  since  it  is  gradual  and  the  blood  by  digestion 
takes  on  the  so-called  "  coffee-grounds  "  appearance  and  is  mixed  with 
food.  Of  the  150  cases  re])orted  by  Oslor  and  McCrae,  vomiting  ot 
blood  occurred  but  in  21.8  per  cent,,  but  careful  e.xaminatiun  ul  the 
stools  showed  it  present  in  almost  too  per  cent. 

The  gastric  features  of  cancer  may  be  grouped  as  follows:  First, 
those  (Uk  to  the  pyloric  steniLsis,  with  subsequent  dilatation  of  the 
stomach  and  stasi:^  of  the  contents,  hence  fermentation,  dcconiposi- 
ti<in.  etc.  In  some  other  cases  the  motility  is  excellent  or  even  in- 
creased, as  in  1 1  of  76  cases,  in  which  it  was  hard  to  get  any  fluid  .it 
the  end  of  an  hour.  Second,  those  due  to  the  chronic  degenerative 
chanj^es  of  the  mucosa  which  bc^in  early  and  develop  late:  the  grad- 
ual diminution  in  the  amount  of  secretion,  e.g.      And  lastly,  those  due 


Tine  UASTIUC  t;OKTENTS 


347 


B  Witeaicer  itself,  the  early  absence  of  free  liyrlnKliloric  add,  perhaps 
■  the  presence  of  laetic  acid,  [wrhaps  the  presence  uf  the  long  bactlH  in 
I  cbJn& 

I  To  consider  first  the  symptoms  due  to  tlie  cancer  per  s*';  absence  of 
I  [m  hydrochloric  acid  is  an  early  and  imiwriant  sign  of  cancer,  present 
I  inwer  to  per  cent,  of  cases  al  hrsi  exanitnaiiun,  yet  alone  not  of  ureal 
I  importance,  not  even  when  other  signs  are  present;  in  cases  of  per- 
I  nicious  anxmia.  fi>r  instance,  there  arc  many  featnrcs  nf  cancer,  and 
I  in  gnll-^tones  with  the  pylorus  in  a  mass  of  adhesions,  and  hence 
I  pal|jablc  tnmor,  the  free  HCI  may  fail.  In  163  cases  of  this  cHnic  the 
I    free  acid  was  absent  in  1 46.  or  8y  per  cent. 

I  Again  there  may  be  a  group  of  cases  without  previous  ^^yuiptoins 
I  cf  itker  which  begin  with  hyperacidity  (Zicglcr).  The  total  acidity 
I  niay  not  lie  in  the  least  diminished  and  total  chlorides  be  high.  The 
'  acidity  varies  considerably  from  day  to  day.  and.  in  fact,  even  with 
*ft«Iirescnce  of  free  acid  a  variable  acidity,  with  sometimes  free  hydro- 
*^hWic  acid  and  another  day  none,  may  lead  to  the  diagnosis  of 
^^ftinoma. 

^         Thi*   wat   well   iKcn   in  a   recent   cmc  raHy   >"   the  ditcshe.  timl   iva*  a   point 
bailing  10  ujictaiion.     In  (otmccn  days,  of  ihc  ihri-e  EwalJ  breakfaits  given  ihc 
^^idilicf^  were  total  121,  100,  j;.  and  free  IICI  ■■.  lO,  and  to  rcspcL'livcly. 

The  lack  of  free  acid  is  at  first  certainly  due  to  die  binding  of 
this  acid  by  some  body  which  itself  doei  not  react  alkaline  !■>  liimns, 
3fei  which  prevents  the  hydrochloric  acid  from  giving  the  Gitnzberg 
♦ir  oiber  tests  for  it  in  its  free  slate.  The  idea  originally  suggested 
l>)'  V.  de  Velden.  that  there  was  a  secretion  of  the  cancer  which  lionnd 
the  acid,  is  (he  idea  now  again  advanced.  Later,  as  a  result  of  the 
clianget;  in  the  mucosa,  brought  about  perhaps  by  this  secretion  of  the 
cancer,  the  total  amount  of  acid  will  gradually  diminish  Uj  a  very 
II  amount:  but  it  is  to  Iw  emphasized  that  the  conditions  causing 
absence  vary  early  and  late.  Karly  with  normal  total  aciditj- 
cc  of  the  free  hydrwliloric  acid  is  one  of  the  most  im|H)rtant 
IS :  later  the  amount  secreted  is  <]iminished.  In  these  early  cases 
very  interesting  that  the  disappearance  of  free  acid  may  be 
Kuddeii,  and  that  following  the  excision  of  the  cancer  the  free  hydro- 
loric  acid  has  relnnied  a  day  or  two  later;  again,  in  cases  of  car- 
inoma  of  the  duo<lenum  or  tcsophagus  the  disappearance  of  free 
I'drochloric  acid  can  be  best  explained  as  due  tu  lUiid  from  the 
imor  which  flows  into  the  stomach;  the  cancer  may  ht  small  and 
cry  ktcal.  but  its  efTcct  considerable.  Wliat  these  bodies  arc  which 
lind  the  free  bydrtichl'iric  acid  has  been  a  subject  of  ciHisiderahle 
invest ipat ion.  Certainly  hydrochloric  acid,  if  introduced  into  the 
Homacli  of  a  carcinoma  case,  is  soon  neutralized  (Stahelin).     They 
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rnijiht  be  tlie  products  of  albuminous  digestion. — albunioses  and  pep- 
tones. 'I'lic  bexone  bases  woiikl  bave  tbis  same  power  and  bave  been 
deiiionst rated  in  tbe  products  of  peptic  digestion  of  even  balf  an  hour's 
duralton :  Keissner  ascribed  the  lack  of  free  acid  tu  the  secretion  of 
mineral  alkalies  from  ibe  tuinor.  but  this  is  nnsalisfactory.  since  the 
resulting  cbtorides  would  react  neutral,  aiid  hence  reduce  the  total 
acidity,  while  in  typical  cases  of  early  canHnoma  of  the  stomach  the 
contents  show  a  total  acidity  which  is  not  diminisbcd  and  may  be 
higher  than  normal,  yet  with  no  free  acid,  tl  is  true  that  evidence  U 
given  that  the  dog  can  secrete  sodium  carbonate,  by  this  tneclianism 
kce])ing  the  acid  at  a  physiological  level,  l-'rom  work  whicli  wc  have 
done  ill  this  connection  we  Ijclicve  that  the  l)odies  in  <|ucstion  arc  the 
hcxone  bases,  the  result  of  the  digestion  of  the  protcid  by  a  ferment 
furnished  by  the  tumor  itself.'*  Later  the  acidity  is  much  reduced,  as 
shown  by  the  increasing  acid  deficit  and  the  decreasing  total  chlorides. 
and  in  sonic  cases  the  fluid  may  even  be  alk.-ilinc  to  litmus,  as  its  ash 
usually  is.  Or,  as  a  result  of  lavage  and  general  treatment,  the  acidity 
may  be  increaserl  so  that  the  case  iti  which  free  acid  was  absent  may 
later  show  an  abundance.  The  failure  of  free  hydrochloric  acirf  is 
usually  a  very  early  symptom.  In  cases  of  cancer  ileveloiiing  on  itw 
base  of  ail  ulcer  this  acidity  may  be  above  nonnal  at  first.  The  real 
di.sappcarancc  of  hydnKhloric  acid  is  gradual,  but  early  occur  daily 
variations  of  tlie  free  of  much  diagnostic  import. 

Of  64  of  our  cases  wilhniil  free  liyHrrrrlilnric  nciil.  ihc  juke  after  the  Ewald 
lircakfaM  was  iilmu^t  or  qiiile  neutral  in  8,  below  10  (aciUily  per  ccnl.>  in  JO. 
between  to  and  jo  in  15.  Uclwcen  jo  an<t  $a  in  14.  .ind  between  60  ni>d  lOJ  in 
7.    The  lii^li  aciditie*  :ieeinetl  lo  deiiend  on  the  lactic  land  liutyric)  acid  prei^nl. 

Later  the  pepsin  is  diminished  and  the  rennet  as  well.  This  is 
due  to  the  chronic  gastritis  resulting  in  a  diminished  secretion  of 
gastric  Juice,  and  is  not  specific  for  the  cancer. 

Lactic  acid  is  often  an  early  and  very  valuable  sign  in  cancer.  It 
occurs  in  about  90  per  cent,  of  the  cases  sooner  or  later,  when  there 
is  no  free  hydrochloric  acid  although  the  bound  acid  may  be  abnnd.tnt. 
It  is  true  thai  cases  of  cancer  without  lactic  acid  occur,  e.g..  those  on 
the  base  of  an  ulcer ;  also  more  rarely  lactic  acid  without  cancer,  as  in 
case  of  an  atonic  and  anacid  stomach,  atrophic  catarrh  with  stenosis 
of  the  pylorus  and  hence  long  stagnation  of  the  gastric  contents;  but 
in  the  benign  cases  it  is  so  often  absent,  even  though  the  stenosis  be 
extreme  and  the  fluid  anacid.  thai  its  early  ap])earance  in  cancer,  even 
before  the  stenosis  is  considerable  and  the  total  hydrochloric  acid  much 
diminished,  means  that  these  two  factors  cannot  alone  explain  its 
appearance,  and  emphasizes  the  value  given  it  by  Boas  in  Uie  early 
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di)g;nosis  of  malignant  disease,  .ilthough  ihe  specificity  he  claimed  is 
nol  granted. 

L         Id  Mg  uf  our  caic*  wilhout  gaxlrit:  cancer,  lactic  acid  wat  present  m  30.     All 

B    trtit  caw«  of  sulKicidily    witli    ciu   (ret   liydtochlocic   acid,     Tlic-^c   r.nsct   were: 

iirajihit  of  mucKiMi,  t;    chnmic  gnsiritii^,  dilated  iiomach.  4:    ulcer.  r>:    nervous 

diilKptia.  anacidity.  .|:    perniduu)  anurinia.  j;    gult-itonc^    I;    cirtliosis  of  liver 

L    kilh  jaundice,  1 ;    cancer  of  gall -Madder.  1 :    pulmonary  and  iieitiuLieul  luliercii- 

■  lMii.3;  and  an  iaierc<iiing  srcinii  ul  inlUniinaiicins  uf  ilie  Uricc  inicMinc  (nkcrn- 
bit  colitii,  etc.).  5;  cancer  of  ovarj'.  1:  peripheral  neiirittK  and  fibrinvuK  peri- 
uniilii,  I  each. 

■  Riegel  considers  tlic  chief  caiisc  to  be  the  motor  insufficiency  with 
I  iubacifiity:  that  fur  its  appearance  there  must  1k.  fir:«t  a  diininished 
I  secretion  involving  ferments  .ns  well  .is  ncid,  then  titag;nation  of  the 
P  conientj.   ami  jjcrliaps  in-sufficient  absorption.    Vet  he  admits  thai 

'Jierc  niay  be  considerable  lactic  acid  in  a  case  w^ilhout  any  great  atoiiy. 

tAnil  that  as  a  resnlt  of  twenty  years'  experience  excepting  in  very  rare 
cases  large  arnonnts  always  meant  cancer.  He  explains  oiie  case  with- 
'^Ui  siasis  by  the  fissures  at  the  base  of  the  cancer,  which  allowed  the 
5'«^lention  of  acid-producing  organisms.  Uaninierschtag  considers  that 
*t  iippears  only  when  ibe  feiniciits  are  diminished,  hence  when  proteid 
'^Jigwiion  is  poor,  and  is  a  sign  of  the  diminution  in  the  secretion  of 
^aitric  juice  with  stagnation  and  dclicient  absorption.  Tliis  occurs 
_S*anicuI:irIy  in  carcinoma  of  the  pylorus. 

While  the  lactic  acid  may  often  be  determined  in  a  test  breakfast, 
-his  is  hardly  a  fair  test  since  its  fonnatiun  i-aiinot  be  as  rapid  as  that 
<3f  the  secreted  acids.  It  is  best  therefore  to  lest  the  contents  of  the 
fatting  stomach  in  the  morning  after  it  has  Ik-cii  well  washed  "ont  the 
ling  liefore  and  a  lest  meal  given  (see  page  ,^36). 
ITie  cause  of  tlic  lactic  acid  may  be  the  organisms  in  the  stontacli. 
several  of  these  have  hccn  proven  to  be  acid-producing,  among 
Ilie  Boas  bnctllns:  or  ii  may  be  a  normal  product  of  digestion 
tt'ideni  in  the^e  cases  Iwcanse  of  diininished  absorption  fan  improbable 
explanation  to  cover  many  cases) ;  or  it  may  be  the  product  of  a  spe- 
cific ferment  furnished  by  the  tumor.  This  latter  cannot  l)c  excluded, 
jnd  in  the  antolytic  ilige.sii<iti  i>f  pruteid  by  ferments  from  these  tumors 
laclk  acid  has  been  shown  to  arise. 

In  oiir  eanc«r  cascj  lite  Huid  leniovcd  one  hour  after  an  Ewalil  lne;il:f.n^t  was 
examined  for  lactic  acid.  Iicnce  tlic  per  cent  which  it  prescnis  will  be  minimal.  It 
Mil  preMmi  in  63  per  ceni.  of  137  caws.  The  figure  (tiven  by  Schiff  was  7JS 
fa  cent  nl  a  fruup  collected  from  varlou.s  writers. 

F      The  gross  ap|)earance  of  the  contents  is  of  great  importance,  since 
the  nwat  is  poorly  digested  and  the  carbohydrates  well.     Disiitrbance 
moiihty  is  due  to  mechanical  obstruction  at  the  pylorus.     On  the 
iher  hand  motility  may  be  excellent  and  yet  digestion  very  poor, 
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wliicli  is  true  in  early  cancer  not  situated  at  tlie  pylorus.  Strauss  claims 
in  such  cases  we  have  an  abnormal  fermentation  due  to  bacteria  which 
have  remained  in  the  clefts  of  the  tumors. 

Tumor  fragments  are  seldom  found.  Fragments  in  blood-clots 
washed  from  the  stomach  sliould  be  examined.  Sahli  emphasizes  the 
possibility  of  diagnosis  from  washing  ont  the  stomach  well  at  night 
ami  the  fasting  stomach  again  the  next  morning;  in  the  latter  wash- 
water  the  fragments  of  the  tmnor  may  be  found.  Considerable  blood 
in  various  stages  of  digestion  is  common.  In  achylia  gastrica  frag- 
ments of  mucosa  may  easily  be  washed  loose  and  resemble  cancer.  In 
this  clinic  fragments  were  found  in  several  cases,  but  the  number  de- 
pended on  the  care  with  which  they  are  searched  for,  for  in  over  70 
cases  they  were  noted  but  twice,  and  in  a  few  months  after  the  atten- 
tion of  the  clerks  was  called  to  the  need  of  searching  for  them  several 
cases  were  found. 

Sarcinre  and  yeasts  are  rare.  In  but  five  cases  of  our  clinic  were 
sarcinae  found.   The  bacteria  of  the  stomach,  which  are  probably  a  large 


Fi<"..  64— Sarcina  vcniriculi  and  yeast  cell?*,    v  <>». 

group,  have  l>een  divideil  into  the  "  slmrt"  and  the  "  long."  TIic 
former  occur  in  catarrh  and  ectasis  due  to  benign  conditions.  The  pres- 
ence of  many  sarcime  is  evidence  against  cancer.  That  which  has 
attracted  the  most  attention  is  the  so-called  Oppler-Boas  bacillus,  which 
occurs  in  about  80  per  cent,  of  cases  (Rutinmeyer),  and  in  almost  uo 
other  condition  .than  here.  Cultural  characteristics  of  this  organism 
have  not  as  yiit  been  well  worked  out,  and  the  cultures  arc  so  seldom 
made  that  as  the  Up|)Ier-Boas  baciUus  we  usually  have  in  mind  a  group 
of  organisms  with  a  few  |Kiinis  in  common,  especi;dly  the  muqjlmlngical 
characteristics;  that  is,  a  long,  coar.=;e,  thread-like  bacillus,  often  in  long 
chains  which  c.xteufl  across  the  field  of  the  microscoiie,  in  some  cases 
I>rescut  in  enormous  numbers  even  filling  the  whole  field.  No  spores 
are  seen.  'i"he  single  bacilli  are  from  t,  to  eo  microns  long  (6  to  8 
microns  as  a  rulct  .inil  i  micion  broad,  with  rounded  eufls.  often 
sli,s;h(ly  bottle- shaped ;  some  are  bent.  They  stain  by  Gram's,  and  are 
best  seen  in  stained  specimens.  Of  course,  few  or  many  could  be 
present,  but   we  ne\'cr  sjjcak  of  them   as  Ojipler-Iioas  bacilh   unless 
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ihey  are  abtitubnt.  coarse,  and  in  chains.  Some  passing  under  this 
tame  arc  surely  tlic  Gas  liacillns.  but  lUc  Boas  bacillus  is  not  anaerobic, 
ind  has  been  funnd  to  grow  best  ou  media  cimlaininK  blood  or  its 
(Itrivalives,  and  Iicnce  jwrliaps  i_ts  presence  so  often  and  so  exclusively 
in  carcinoma,  in  xvhich  condition  atiovc  all  is  present  llic  coffee-ground 
vnniilits  rieb  in  albumin  dclritus,  tbe  ulcerations  and  clefts  of  tbe 
jniKosa.  tbe  failure  of  ferment  formation,  of  acid  secretion,  and  ibc 
Stagnation,  vvbicb  factors  Scbmidt  considers  essential.  These  bacilli 
tlfi  not  prow  well  on  onlinary  media,  but  will  luxuriantly  if  blood 
be  added.  They  coagulate  milk,  Kauffmann  found  tbe  bacillus  in 
ly  of  20  cancer  cases,  proved  Ihat  it  was  a  lactic  acid  builder,  and 
fiiiinitlliat  it  occurred  in  numbers  proportional  to  (be  amount  of  lactic 
acid.  Most  other  lactic  acid  bacilh"  are  snialter.  Other  bacilli  of 
similar  appearance  have  been  cultivated,**  yet  its  diagnosis  is  chiefly 
ninrpholiigical.  Apropos  of  llie  number  present,  a  recent  case  vvitb- 
ciil  extreme  stasis  may  be  njentioned.  for  the  gross  seiliment  of  tbe 
sKmiach  washings  was  almost  entirely  composed  of  masses  of  these 
bcilli.  It  is  not  fair  to  search  for  lliem  in  a  recently  washed  stomach. 
!f  iKerc  certainly  is  stenosis  an<l  these  are  ab.seut,  the  evidence  ia 
sgainsl  cancer.  Kaufniann  ^^  claims  that  they  cannot  grow  in  the  pres- 
Oi«  of  free  hydrochloric  acid  of  0,02  per  cent,,  but  can  well  when  the 
Nuid  is  acid  with  phosphates  and  lactic  acid :  but  others  (  Rosenheim ) 
«y  dicj-  l1onri.Mi  in  the  stomach  in  spite  of  free  hydrochloric  acid. 


'Jiir  icrics  U  hardly  ihc  right  one  in  tiinii'^h  iiaiimcs  concerning  ihc  pretence 

>[  (line  urganiMnt.   tot   only   llic  fluid   removed   aflcr   an    Euald   breakfast   on   a 

jtinittd  iioinach  wa»  cxactiincd,  yd  these  organinn»  were  found  in  only  38  per 

*"'■  of  S5  cases  in  which  their  presence  or  Absence  wa»  noted     In  (our  of  these 

^ti  tiiih  ilie  bacilli  lactic  acid  seems  not  to  have  been  prewnt 

lieichelbeim  "  thinks  in  diagnosis  that  clots  of  blood  arc  very  im- 
I  ponant.  To  find  clots  containing  many  of  these  bacilli  in  a  fluid  with- 
[cuit  (ffc  hyitrochloric  acid  speaks  very  stroiigty  for  cancer;  clots  with 
I  ftw  bacilli  strongly  suggest  it:  clots  alone  and  repeatedly  present  speak 
[in  favor  of  it. 

Pus  is  .sometimes  present;  in  fact,  the  largest  amount  of  ptis  that 
f ■*(  have  seen  in  any  gastric  case  was  one  of  carcinoma.  Tlie  resorption 
,  *  niucb  disturbeil  an<l  the  Kl  test  almost  always  delayed. 

Among  other  tests  proposc<l  for  tbe  early  diagnosis  of  cancer  of 
r'ne  stnmach  is  the  tr>'ptophan  lest  of  Erdmann  and  Wintemitz  *" 
|*hichi»  not  constant  enough  (Sigel  in  2  of  15  cases:  Glassner  in  i  of 

"See  Schmidt.  Wien.  tlin.  Woehen«hr,,  January  10,  1501. 
"  CeniralW.   f,  inn    Med  ,  1904,  No.  4. 
"Zcil»chr.  (,  klin,  Med.  hxm.  vol.  Ilii.  p.  447. 
*Muncb.  mcd.  Wochenschr.  loot,  p.  29^ 
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2)  lo  be  of  great  value  and  docs  occur  in  otiicr  conditions  (ulcer,  c.g!\? 
yet  it  makes  the  diagnusis  very  probable  (Orlawskj*). 

The  presence  of  over  0.5  p.  m.  of  albumin  (Esbach).  which  Salo- 
mon considered  llie  surest  sign,  .nnd  of  nrca  in  the  washings  of  a  fail- 
ing stomach  without  retention,  arc  ut  some  but  not  absolute  value.  The 
stomach  is  carefully  washed  out :  then  in  a  few  hours  ihe  tube  is  again 
introduced  and  .nit  possible  removed,  washing  several  times  with  400 
cc.  of  physiological  salt  solution.  The  albumin  and  nitrogen  are  then 
determined.  In  all  other  conditions  N  ^  o  to  16  mg.  per  100  cc.,  but 
in  cancer  10  to  70  mg.  per  loo  cc, :  cancer  is  probable  when  X  =  mor« 
than  JO  mg.  and  there  is  a  dehnite  albumin  precipitate  by  Esbach's  fluid, 
Common  ulcer  can  be  <lilTercntiate<l  early,  although  it  is  the  ukera* 
lion  of  the  cancer  nodule  which  furnishes  this  inflammatory  exuviate." 

Gluzinski's  test  tor  tlie  relative  insufficiency  of  HCI  secretion  by 
testing  free  hydrochloric  acid  in  the  morning  on  the  fasting  stomach, 
forty-five  minutes  after  the  test  breakfast,  and  four  hours  after  a  full 
meal,  is  valuable  also  to  indicate  a  cancer  on  the  bed  of  an  old  ulcer, 
it  being  jjositivein  isof  incases. 

Infusoria,  and  especially  Hagellates,  are  sometimes  present  in  lh< 
anacid  carcinomatous  stomach  at  a  very  early  stage,  Cohnhcim"  re- 
ported six  cases  with  the  Trichomonas  and  Megastoma  entertcmn,  and 
thinks  this  a  valuable  sign,  even  the  first,  for  the  early  <liagnosis  of  an 
ulcerating  ameer  of  the  cardia  or  lesser  curvature:  not  in  pyloric  can- 
cer, since  the  lactic  acid  would  kill  them.  They  are  often  present  in 
our  food  and  are  a  temporary  inhabitant  of  the  stomach  until  acid  it 
excreted. 

Zahel  "  reported  four  early  cases  with  similar  organisms  present  in 
abimdancc.  Rosenfcld  ^'  found  them  in  six  cases,  one  of  which  he 
thinks  is  the  first  non-careinoniatnus  case  in  which  they  have  been 
found.  He  ex|iecle<l  this  would  be  irtie  of  another  case,  but  a  cancel 
was  later  in  evidence.  Tltey  arc  found  in  the  small  amount  of  neutral 
or  alkaline  fluid  of  these  fasting  stomachs,  together  with  Icptothrix 
threads,  long  bacilli,  and  spirilla.  It  is  interesting  that  Ibey  cannot  U 
found  in  other  cases  of  achylia.  for  we  must  often  swallow  thcini 

Blood  in  the  gastric  contents  and  stools  is  a  very  imiiortant.  com' 
mon  (68  of  70  cases).'*  and  early  feature,  especially  in  the  absence  0I 
hydrochloric  acid  and  when  motility  is  good.  j 

StraiLss  emphasized  the  disproportion  between  the  relatively  aetiv* 

fermentation  and  small  amount  of  sediment  in  case  the  cancer  is  net 

at  the  pylorus:    Reissner.  the  earlv  increase  of  chlorides  to  almost  (< 

•*  Hercnt  and  Cutmann.  Dcutsch,  med.  Wochcnschr,  1904,  No.  afl. 

"  Dciiisch.  med.  Wochcnicljr..  igoj. 

■Wicn.  klin   Woe  h  en  sell  t.,  1904. 

"  Dcm.  tncd,  Wochcmchr.,  1904. 

•■  Boas  and  Kocliinann.  Arcli.  (.  VcrdauuDgik.  igot). 
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quite  double,  and  the  alkaline  reaction  of  the  ashe<l  gastric  contents. 
For  Glassner's  idea  concerning  ferments  see  page  326. 

The  early  diagnosis  of  cancer  of  the  stomach  is  nn fortunately  a  late 
one  if  one  means  by  "  early"  a  diagnosis  matte  in  time  that  operation 
can  save  the  case.  No  one  feature  «'ill  help  for  even  a  fairly  early 
diagnosis.  The  chemical  features  may  be  very  suggesti\'e,  in  some  cases 
nonnal.  in  some  even  the  reverse  of  those  suggesting  cancer.  The 
surgeons  insist  that  the  diagnosis  should  be  made  before  any  tumor  is 
palpable,  and  this  should  be  the  aim  of  the  clinical  chemist.  At  pres- 
ent we  admit  that  age  and  clinical  history  are  of  far  more  importance 
than  chemical  examination,  and  would  never  delay  operation  until 
Ihe  clinical  chemist  found  positive  any  test  proposed  till  yet.  fearing 
that  were  it  positive  it  would  then  be  too  late  to  operate. 
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CHAPTER    IV 
THE    INTESTINAL    CONTENTS    AND    F^CES 

To  determine  the  motility  of  the  intestine  is  often  important,  par- 
ticularly in  metabolism  experiments  to  separate  the  stools  belonging 
to  the  various  periods ;  also  in  "  latent  constipation,"  one  of  the  "  new" 
diseases,  in  which  the  food  is  much  too  long  in  its  passage  through  the 
intestine,  but  the  condition  overlooked  since  the  stools  are  normal  in 
number  and  size.  It  would  indeed  be  fortunate  did  this  condition  re- 
move the  stigma  of  neurasthenia  from  some  of  our  suffering  patients. 
The  normal  motility  after  a  mixed  meal  is  from  six  to  twenty  hours; 
after  milk,  thirty-six  to  forty-eight  hours.  Charcoal  or  lycopodium 
powder  is  generally  used,  one  drachm  in  water  after  a  meal  and  the 
stools  watched  until  the  black  charcoal  is  seen  grossly,  or  the  char- 
acteristic lycopodium  spores  microscopically.  Or  carmine,  0.5  gm., 
may  be  given  and  the  red  color  watched  for.  Allowance  should  be 
made  for  the  gastric  motility  in  case  the  actual  time  in  the  intestine  is 
desired.  Sometimes  the  charcoal  is  so  mixed  in  a  considerable  mass  of 
freces  that  it  passes  unnoticed,  hence  lycopodium  or  carmine  is  some- 
what safer. 

Pancreatic  Fluid — This  when  present  in  the  duodenum  may  be 
obtained,  according  to  Boas,  by  massaging  the  contents  of  the  duo- 
denum into  the  stomach  previou^^ly  washed  with  i  per  cent,  soda 
solution.  The  patient  lies  on  liis  back,  and  the  abdomen  is  massaged 
from  right  to  left  frnm  the  costal  margin  to  the  parasternal  line. 
The  stnrnach-tube  is  then  quickly  introduced  and  whatever  may  have- 
been  forced  back  removed.  Sometimes  about  50  cc.  are  obtained.  To 
prevent  die  destruction  of  the  ferments  by  the  hydrochloric  acid,  soda 
should  be  adde<i  at  once.  The  presence  of  trypsin  is  assumed  if  fibriri 
or  egg  albumin  is  digested  in  alkaline  medium. 

Trypsin,  .Artiits  .\nd  Huber's  Method. — Fresh  fibrin  is  washed 
in  water  and  then  heated  at  40^  C,  for  twenty-four  hours  with  2  per 
cent,  N'aF,  The  solution  of  fibrin  is  then  filtered.  The  intestinal  tluici 
phis  an  equal  amriunt  nf  2  per  cent.  XaF  is  mixed  with  two  to  three 
volumes  of  the  above-mentioned  fibrin  solution  and  kept  in  the  ther- 
mostat at  .40''  C,  for  sonie  time,  Tf  trvpsin  is  present  the  typical 
crystals  of  tyrosin  will  be  easily  found.  Contamination  with  bacteria 
is  n<tt  to  be  feared,  for  the  fluid  will  remain  sterile  indefinitely. 

The  F.\T  .'^pi.iTTJNr.  i'KkMEXT  may  be  demonstrated  as   follows: 
Xeutral  olive  oil  is  obtained  by  shaking  out  olive  oil  with  ether  and  a 
little  XaOlI,     The  ether  extract  is  shaken  out  repeatetlly  with  water 
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anii  the  ether  then  evaporated.  An  ennilsion  is  then  made  of  oi!  lo, 
pim  5,  and  water  35  parts.  In  several  test-tubes  ( 12  mm.  diameter) 
areiheii  mixed,  litmus  solution  (neutral  and  dilute  till  of  a  violet  color 
^inst  a  white  background)  10  cc,  the  emulsion  5  drops,  and  then 
theliuid  to  be  tested  2,  4,  8.  and  16  drops  in  each  respectively.  The 
tubes  are  then  put  into  a  water  bath  {^7-  C.)  at  once,  and  examined 
in  a  few  minutes  for  the  red  color. 

To  test  the  diastase  the  fluid  is  added  to  a  thin  starch  sohitinn. 
Soon  dilute  iodine  solution  added  to  a  drop  of  this  will  give  no  longer 
a  blue  color. 

Tett-Hesls. — All  recognize  now  the  necessity  of  using  standard  test- 
meals  for  the  examination  of  intestinal  conditions,  Strauss  recom- 
mends one  of  chopped  beef  100  gnis. ;  others  one  of  milk.  The  bowel 
should  first  be  well  purged  and  charcoal,  carmine,  etc..  then  given  to 
mark  the  period. 

The  Digestive  Power  of  the  Pancreatic  Juice. — A  method  which  has 

promised  much  is  that  of  Sahli,  who  gives  with  an  liwakl  test-meal 

aij  gm.  of  iofloform  in  a  ghitoid  capsule  (gelatine  hardened  in  fomi- 

ilin).    This  is  supposed  to  be  digested  only  by  the  pancreatic  juice; 

iodine  will  appear  in  tlie  sputum  in  from  a  quarter  to  one  and  a  half 

flours  after  the  solution  of  the  capsule.     The  sputum  is  examined 

fiourly  with  nitric  acid  and  chloroform.     It  is  imi>ortant  to  know  the 

Wndition  of  the  stomach  first,  and  the  result  depends  not  only  on  the 

digestion  of  the  capsule,  but  on  the  absorption  of  the  iodine.     To 

rfetermine  the  motility  of  the  stomach  Sahli  gives  on  the  following 

•lay  with  a  glass  of  water  on  an  empty  stomach  the  same  amount  of 

iodoform  in  capsule  which  has  not  been  hardened,  assuming  that  this 

passes  at  once  to  the  intestine. 

Sahli's  results  are  interesting:  In  cases  without  hydrochloric  acid 
w  pepsin,  if  the  motility  be  good  the  test  indicates  no  abnormality, 
showing  the  vicarious  action  of  the  intestine:  in  cases  of  diarrhtea 
"lue  to  increased  peristalsis  alnne  the  iodine  appears  In  a  normal  or 
diminished  time;  in  diarrh<iea  with  disturbed  chemistry  or  absorption 
It  may  be  delayed  or  even  the  capsule  found  in  the  stools.  In  some 
tws  of  jaundice  with  obstruction  at  the  ampulla  there  is  delay,  yet 
occlusion  of  the  pancreatic  duct  cannot  be  excluded  on  the  ground 
•tetthe  test  was  positive  in  normal  time,  since  the  pancreas  often  has 
ittoducts.  If  in  pancreatic  disease  the  test  is  negative,  it  is  in  favor 
f'f cancer,  although  not  much  weight  can  rest  im  this  point,  and  Galli' 
condemns  it,  since  in  a  case  of  carcinoma  of  the  pancn-as  witlmut  any 
pancreatic  juice  at  all  the  capsule  was  pmniptly  dissolved. 

Unfortunately,   Sahli  does  not  give  very  ex]>licit  directions  con- 
ctniing  the  preparation  of  these  capsules,  and  it  woul<!  seem  that  they 

'  Deutsch.  med.  Wochenschr.  190,1.  No.  19.  p.  716. 
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coiilil  be  obtained  from  btil  one  source.    This  is  unfortunate,  yet  it  ul 
for  those  interested  in  the  success  of  the  test  a  wise  proiision.  since 
so  imich  depends  uii  iinifomiiiy  in  the  prqiaratioii  ol  the  cai»ulc*.' 
For  the  pancreoii  test,  see  page  391.  | 

In  cases  of  Jejunal  fistula  it  is  often  of  importance  to  know  how 
near  the  pylorus  is  the  opening.  A  convenient  method  is  to  tie  a  silk, 
lltread  to  an  oyster.  In  these  eases  of  practical  starvation  with  the  fis^ 
tula  high  up,  the  motility  of  the  sloinaeh  is  excessive,  as  if  that  orgaii 
were  trying  to  aid  the  Ijody  hy  sending  the  food  at  once  to  the  intestinei 
In  an  interesting  case  in  this  hospital'  the  oyster  appeared  at  the  Afrj 
tula's  orifice,  wliidi.  by  measuring  the  length  of  the  string,  was  fouti<f 
to  be  but  one  foot  below  ilie  pylonis.  lu  this  same  case,  after  drink- 
ing a  glass  of  milk  ihe  milk  began  to  escape  from  the  fistula  in  one 
minute,  and  t!ie  total  ainouni  was  recovere'l  in  four  minutes.  ] 

The  examination  of  the  stools  is  much  neglected.     It  is  dtsagrc 
able  but  so  valuable  that  it  should  never  be  overlooked.     As  th« 
sputtmi  examinnlinn  iN  commonly  limited  to  staining  for  the  ml; 
cic  bacilhis.  so  tliat  of  the  f.'eces  is  now  a  matter  of  searching  fo 
])arasites  when  the)-  are  suspected,  with  the  result  that  much  that 
valuable  passes  undiscovered,  and.  when  examined,  the  ordiiury 
stituenls,  since  not  familiar,  are  misinterpreted. 

For  this  examination  are  necessary  a  few  tail  glass  jars  in  whk 
the  stools  mixed  with  water  are  allowed  to  sediment,  sonic  strainti 
(colanders)  of  various  sized  mesh  in  which  the  stool  is  ground  b>'    | 
pestle,  and  plate-s  half  black  half  white,  the  same  as  usc<l  for  sputunf 

The  constituents  of  norma!  stools  are  the  undigested  portion 
food,   bacteria,   intestinal    secretion,    formed   and   unfonned   eleineiil 
from  the  mucosa,  salts,  and  products  of  digestion.    The  amount  vari«| 
widely  with  the  diet,  but  a  general  average  is  120  to  250  gms. 
day. 

The  relative  amount  which  bacteria  fomi  is  enormous.  Stras 
burger  *  estimaterl  them  at  aliout  one-third  the  weight  of  dried  slooU 
that  is,  eight  grammes  per  day,  anil  containing  about  one-half  the  nitrC 
gen  of  the  stools.  He  found  more  in  some  dyspepsias. — 14  lo  20 1 
remarkably  less  in  chronic  constipation, — 5.5  to  a.6  gins.  StraM 
burger's  nieihod  was  as  follows :  2  cc.  of  the  stool  is  well  mixed  wi* 
water  and  centrifugalized;  the  organisms  will  rwnain  suspended,  tij 
elements  of  the  food  sediment.  Tlie  fluid  is  then  poure<l  oflf,  consi« 
erablf  alcohol  added  to  lower  the  specific  gravity,  and  again  centrifd 
galixed.  lliis  time  the  b-icteria  will  sediment.  This  sediment  is  thd 
dried  and  weighed,     .\nothcr  2  cc.  are  e\ajjoratcd   (fresh  alcohc 

'Snlili     DeiilMh.  Arch.  f.  klin,  Mtd,  iBsfi.  Bd,  61. 
•Cuihine.    John*  Hopkin*  Ho»p.  Bulletin,  July,  i8g^ 
•Zdischr.  f.  klin.  Med.  1903.  Bd  48.  P-  413. 
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I  being  repeat«ttly  ail<kd),  dried  anil  weighed.     Klein/'  whu  uses  a 

I  miming  mclhod  bui  who  iloes  not  cvcii  guess  llic   rcblive  vtiliime 

I  oiilie  luacieria  in  the  sto>jl,  takes  cxcqHion  tu  Strassburgcr's  method 

I  and  results. 

I  The  small  amount  of  f;cccs  during  starvaiion  periods  consists  of 

I  locleiia.  the  iinei^tinal  epithelium,  mucus,  and  the  intestinal  secretions. 
ReacUon. — The  normal  reaction  is  neutral,  faintly  acid,  or  faintly 

L  likaline,  especially  the  last.     If  urine  l>c  mixed  with  it,  it  is  of  course 

I  soon  alkaline.     In  a  mass  of  f:vces  tlic  reaction  at  the  surface  may  differ 

I  fnxu  that  at  the  centre,  and  the  changes  im  standing  are  very  rapid. 

I  In  ly|Jiuid  or  clK'Icra  they  are  alkaline,  as  a  rule,  in  patients  on  a 

I  milk  or  starch  diet  they  may  be  very  acid. 

■  Frequency. — By  tliarrUara  is  meant  frequent  and  flnid  stools;  by 
I  (tuttiftUiou.  infrequait  movements  of  tlie  bowels,  associated  with 
ft  Ttnptotns  which  are  relieved  by  purging.     The  normal  stool  is  never 

■  lluid,  but  frc(|ucncy  is  a  variable  matter  and  must  be  judged  from 
"  Uie  individual  sland-poinl.  hence  subjective  syinploms  arc  necessary. 

DiiirrlKca  may  be  <lue  to  increased  peristalsis,  increased  intei^tinal 

*ecrelion.  or  decreased  absf)rplion.  and  accompanies  chronic  enteritis, 

•chronic  peritonitis,  intestinal  lubercidosi*.  amyloid  disease,  cirrhosis 

"f  the  liver,  cholera,  tyjihoifl,  dysentery,  infectious  diseases,  nncmia, 

etc. 

When  the  Ironble  is  in  the  small  intestine  the  movements  are  fluid 
*MiI  large  but  not  necessarily  very   frequent;    in  dysentery  they  are 

•  »"cqiieiil  ami  scanty. 

Civnstipatinn  as  a  chronic  condition  is  the  result  of  careless  habits 

*  *f  |iersoii!il  hygiene,  of  sedentary  life,  of  a  diet  lacking  in  the  constit- 
uents which  stimulate  intestinal  peristalsis,  of  dilated  stomach,  con- 
''triciion  of  the  bowel,  etc.  .^cute  constipation  occurs  in  obstruction  of 
iHc  iiilesline,  paralysis  of  its  wall  as  in  peritonitis,  and  in  meningitis 
and  other  conditions  causing  increased  brain-pressure.  In  aaitc  ob- 
Htniction  i\i\K  to  intussusception,   ileus,  etc..  the  frequeiil  stools  of 

liliwdy  mucus  but  without   fecal  matter  may  deceive  the  doctor  who 

«!(«:*  iu>t  personally  inspect  them. 

Tlie  consistency  and  form  of  the  nnrinal  stool  vary  considerably, 
dt^euiing  on  the  habit  and  diet.  Pathologically  tlu-y  dc|K'nd  rni  the 
'ficsliiial  secretion,  absorption,  and  especially  the  motility.  The  stor)l 
'"ay  l)e  abnonually  too  lluid  n--  loo  solid;  when  very  hard  it  is 
''^^cen  up  into  small  masses  resembling  sheep  mamirc.  or  somewhat 
^'tfr  masses.  "  scybala."  which  may  be  of  even  stony  hardness 
iii  6ie  size  of  a  walnut.  Such  stools  are  common  after  typhoid  fever 
"14  in  *iane  cases  on  a  milk  diet.  These  masses  may  in  the  rectum 
'"rsi  hirpe  accnmul.it ions.  When  the  mass  is  of  very  small  caliber 
*  Zciischr,  f.  klin  Med,,  1903,  Bd.  j8.  p,  163, 
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the  source  may  be  the  small  intestine,  especially  if  the  stool  be  flui 
The  source  is  surely  the  small  intestine  if  the  mucus  contains  mai 
nuclei  of  cells  the  protoplasm  of  which  is  digested,  or  cells  represent 
by  fat  droplets  or  bilirubin  granules.  The  question  is  somewhat  difE< 
ent  in  the  case  of  bile-stained  nuiscie-fibres  or  connective  tissue  and  I 
masses,  since  all  in  the  small  intestine  are  normally  stained  with  bi 
rubin;  hence  their  presence  in  the  stool  may  mean  trouble  only 
the  colon,  either  too  rapid  peristalsis,  or  catarrh ;  to  suggest  troul 
in  the  small  intestine  the  above-mentioned  masses  of  mucus  also  shot 
be  present. 

Schlesinger*  considers  his  test  for  urobilin  (hydrobilirubin  als 
very  delicate.  The  stool,  if  very  fatty,  is  extracted  with  ether  ai 
then  with  acid  alcohol.  The  reaction  of  tiie  extract  is  made  less  ac 
with  ammonia,  an  equal  amount  of  zinc  acetate  solution  (i  per  ca 
in  absolute  alcohol)  added,  and  filtered.  "Hie  filtrate  gives  a  gd 
fluorescence  and  spectrum. 

Bile  acids  are  normally  reabsorbed,  and  hence  do  not  appear 
the  stools. 

Fatty  Stools. — There  is  always  some  fat  in  the  stools,  providii 
there  is  much  in  the  food.  This  may  be  as  neutral  fat,  fatty  acii 
or  soaps.  Tlie  more  difficultly  melting  neutral  fats  are  present  us 
ally  as  white  or  yellow  scales  or  droplets,  according  to  their  meltin 
point. 

Fatty  acids  are  usually  in  short,  delicate,  curved  needles,  and  occ 
in  thick  masses,  so  that  the  shape  of  the  individual  crystal  is  oft 
very  difficult  to  make  out.  The  soaps,  on  the  other  hand,  occur 
long  needles  which  are  arranged  in  clusters  or  fans,  or  in  short  plur 
crystals,  or  scales.  The  droplets  of  neutral  fat  are  soluble  in  eth 
the  fatty  acids  are  dissolved  on  warming  and  in  ether,  while  t 
soaps  are  not  dissolved  on  warming,  nor  are  they  soluble  in  €t\ 
unless  they  have  been  first  split  by  acid.  A  test  for  neutral  fat  whi 
is  easily  made  is  to  mix  the  s;)ecimen  under  the  microscope  with  o 
<lrop  of  concentrated  alcoholic  solution  of  Sudan  III.  which  has  be 
filtered  just  before  using.  The  droplets  take  an  orange  to  a  bloo 
red  color,  while  the  soaps  and  the  fatty  acid  crystals  remain  u 
stained.  The  students  attempt  to  tell  from  crystal  form  alo 
whether  it  is  soap  or  fatly  acid  crystals  they  see.  A  most  instructi 
exercise  is  to  give  them  for  study  two  portions  of  the  same  stool,  tl 
one  of  which  has  been  extracted  with  ether  (hut  no  acid  added),  ai 
they  see  at  once  that  the  needle  crystals  are  chiefly  soaps. 

Acholic   stools   usually   contain   much    fat   in   crystals   which  a 
mixed   homogeneoasly  with  the   fecal   matter.     Such   stools  have 
glistening  gray  appearance,  and  microscopically  contain  large  nui 
•Dculsch.  mcfi,  WochcTTichr,.  tooj.  p.  56T. 
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btrsof  fat  droplets  And  large  masse*  of  fatly  acid  crystals  whicli  arc 
ttO'  pretty  t<j  sec. 

In  diarrlwa  tlic  masses  of  fal  needles  arc  prcsciii  as  minute  points 
tthicti  nwy  l>e  seen  with  the  naked  cyi:. 

Sometimes  llie  clumps  of  fat  are  of  a  whitish-gray  or  a  yellowish 
itor  like  tallow,  even  thf  size  of  a  nut ;  or  the  fat  may  he  present  as 
melted  oil  which  hardens  over  the  stool  or  r>n  the  wails  of  the  vessel 
ilaining  it.  The  whole  stool  may  resemble  oil.  In  a  recent  ca^  of 
ppdsed  cancer  of  the  paiicrea-s  the  stmil  could  not  hy  appearance  Iw 
listingnislie<l  from  a  mass  of  vaseline. 

Such  stools  occur  when  there  is  an  over-supply  of  fat  ingested. 
inicc  especially  in  the  olive  oil  treainicni  for  gall-stones,  in  which 
Qic  the  tumps  may  vary  from  the  size  of  a  pea  to  that  of  a  luizel- 
But,    A  much  smaller  amount  n{  fnt  may  be  conspicuous  in  small 


)^c.  4^■'"^OT^l^  nl  lull  dnc)  Map*  in  hIcmU  ^SchmiiJt  and  SIriiMliiiii£flO-  ^f.  """^p^;  f.  catrm. 
pMtMfyitHik*;  f.  IiUvanit  ncollnanil  Icucnryirii  >/,  itllnw  (nlriiim  lonp-.  r,  fall;  add  crjolilii  jico- 
'  M(|  Mb  hi  draphts : /.  (ally  >cl(l  *nd  uwp  n««llsanil  icala  Irain  an  uhallcMool. 

"ttSMs  after  a  meal  containing  fais  with  a  high  melting  point,  as 
porit,  mutton,  or  tallow. 

Fatty  stools  are  jire^ent  when  the  mucosa  or  the  lyinjihatics  cin- 

"W absorb  the  fat ;  as  in  atrophy  of  the  mucosa  ;  amyloid  disease;  in 

_  ill  cues  with  extensive  caseation  of  the  retroperitoneal  lymph  glands, 

abes  mesenlerica. — the  most  common  cause  nf  fatty  st(K>ls  with- 

jaundice'.  and  in  fact  in  a  <loul)iful  ahdoniinal  case  the  diaf^osis 

i'tif  this  condition   is  suggested   by   the  stwils   alone;    in  peritonitis; 

Isndjvcn   in   simple  catarrh   preventing  absorption.     There  is  a   fat 

'  "iwrhara  due  1o  various  diseases  of  the  small  intestine  which  should 

w 'liMinpuished  from  "diarrhtt'a  pancreatica." 

When  hile  is  absent,  from  55  to  78  )Ver  cent,  of  the  fat  will  Iw  in 
'"wis,  instead  of  as  normally  from  6  to  10  per  cent.  Acholic  stools 
'  in  cases  without  jaundice  are  particularly  interesting  and  may  contain 
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large  amounts  of  fat.  The  cause  of  this  condition  is  problematical. 
Some  consider  that  there  is  a  cessation  of  bile  secretion;  others  that 
in  all  such  cases  bile  pigment  was  present  but  has  been  changed  to  the 
colorless  forms. 

In  pancreatic  disease  fatty  stools  are  common,  yet  to  be  of  \alue 
the  stool  must  be  very  fatty.  Pancreatic  disease  without  them  occurs 
since  fat  is  well  used  if  already  emulsified,  although  in  such  cases  the  fat 
is  insufficiently  split,     MiiJIer  showed  that  while  84  per  cent,  of  the  fat 


FiG.tifi  —A  4hpaE  01  Juict  faTty  ^c"l  crvsljils  seen  olleii  in  ttook  afler  Ihev  ha\'e  stood  aliltli'  [ime.  .'  4^^-- 

was  normally  split,  if  the  pancreatic  juice  be  exckuled  only  alwut  4  ^ 
per  cent.     Others  liave  found  more  even  So  per  cent,  split,  yet  as  fatt  J> 
acid  not  as  soap.     The  diagn<isis  of  pancreatic  disease  is  exceedingly' 
ilifiiciilt.  it  cannot  be  made  from  the  fatty  stooi  alone,  and  yet  if  all  tli  ^ 
elements  i>f  Lc   Nobel's  symptom  complex  are  present   it  shouM  l^e 
easy; — ni>   iauntlice,   glycosuria,  nmcli   fat  in   the  stools,   many   fatty 
acid  crystals  hut  no  soaps,  no  hydroijen  sulphide,  skatol.  indi>l,  etc, 
the  stunls  rancid  but  ni>t  putriil.  and  with  few  bacteria;    if  all  tliese 
elements  arc  ]»rescnt  one  is  very  safe  in  assuming  some  pancreatic 
trouble. 
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EiTiUATio.t  or  F.\n  and  Soai-s..— The  itnol  i*  firil  evaporated  over  Hie  u-nier- 
W  iiiiiil  o(  a  scini<>ili<l  consistency.  It  is  ilicn  mixed  with  abuiii  $o  cc.  of  absu- 
line  iilcoliol,  again  cvapt>rnte<l,  and  this  repeated  until  pnfecily  dry.  Never  try 
10  dr;  doH'ti  a  3tool  wiilimit  a1coliol_  A  ccrlniii  uiiiotint  is  powdered,  dried  at 
IBO'  C.  and  iheji  weiglieil.  It  is  then  rubhert  up  with  «nd  and  exlracled  from 
«it1n  (o  ten  ht>iiTs  ii'illi  ether.  Tlic  cllier  rmduc  it  uathed  with  iiiirni  waller 
It  coniLtu  of  neuiral  fais  And  the  fatiy  acids.  Thi«  ic  dried  in  a  desiccator 
Old  neiRhcd. 

riie  neutral  (at  may  be  isolated  and  weinhed  by  dis]iolviiig  the  Te»dti« 
Ipin  in  ether  and  thakinji  il  out  with  a  dilute  soda  *olittinn,  which  removes  the 
iiliy  acid». 

The  amotint  of  fatly  adds  is  dcicrmined  as  foMowK:  A  weighed  nmounl  of 
ilir  ether  residue  \*  diiioK  ed  in  nkohal  and  ether  and  then  titrated  aBainxi  alcoholic 
solmion  of  poia^aititn  liydrnxidc.  phenol phthalein  iitcd  a«  iiiilicntor. 

For  the  soaps,  the  f«cej  already  extracted  with  ether  are  boiled  with  acid 
alcchol.  dried,  cxiniaed  rkbi"  with  ether,  and  the  free  fatty  add  titrated.    H  one 
"•i'hei  to  determine  at  once  neutral  fats  and  the  split  fats  and  soap,  the  stool  i» 
firtt  boiled  with  acid  alcohol  and  then  extracted  (Miiller), 
In  fat  dercrmi nations  the  follouinii:  values  are  UKcd ; 

fi)  The  arirf  faliif.  that  is.  the  number  of  millinramnies  of  poiatsiuni  hy- 
<'roxii|e  nectisary  to  neutralise  the  free  fatty  acid  *plit  from  one  gramme  of  fat 
A  Weired  atnniint  of  (at  i^  diNKolved  in  alcohol  and  ether  and  lilraicd  with  tenth' 
**Oraial  KOH,  phennlphlbalcin  used  as  indicator. 

(j)  KHitsdorfir's  value,  the  "saponifyinK  value."  that  is,  Ihc  nnniher  of 
"tillifiainmcs  of  po(a?<^inm  hydrate  neccswiry  to  ncutralite  the  fatty  acid  iplit 
***■  from  one  gramme  of  fat  by  saponification.  A  weifthed  amount  oi  fat,  i  lo  3 
•"•»..  u  boiled  with  lo  cc.  of  half-nnrm.it  KOII  and  50  cc.  of  alcohol  ill  a  flask 
*^f  a  ignarier  of  an  liour  on  the  nater-baih,  and  titrated  with  half-normal  acid, 
*""'"£  phenolphlbalein  ai  indicator. 

HftiHtr's  ihiIhi'  is  the  amoimt  of  fatty  acid  insoluble  in  water,  which  can  tie 
***'tained  by  the  saponification  of  too  gnis,  of  (at.  One  saponifies  a  weighed 
"•WtiMjiit  of  fat,  evaporates  the  alcohol,  and  treat*  the  watery  ioliilion  of  the  rcsi- 
^"e  with  hydrochloric  acid.  The  free  fatty  acid  is  treated  with  Ixiiling  water, 
_*'''>«d,  and  weighed. 

The  Reifhrri-ftitiul  value,  ihu  is,  llie  number  of  cubic  centlmoires  of  tenih- 
'*^»"ni3l  potassium  hydrate  necexury  to  neuttalir.e  the  volatile  fatty  acid*  obtained 
^y    the  sapoiiifiealion  of  5  sms.  of   fat.     One  saponifies  u  weighed  amount  of   fat, 
^5'*'la'*'l   *'!*•   .^ulphuric   acid,   diitils   the    volatile   acid,   and   deietniines    in   the 
Stillalc  the  amount  by  titration  with  leiilh-nonnal   KOH    (Thierfclder). 


I 


Mucus. — ^The  stools  always  contaiti  a  certain  amoiiiit  of  mucus 
(Boas).  This  is  seltloni  seen  cveii  microscopically,  ami  musl  Iw 
^*sie<l  for  chemically ;  atiy  amount  of  visilile  mticiis  is  somewhat  ah- 
nomial.  The  mitciis  present  is  pure  mucin,  hence  cloittlcd  by  .icetic 
*cid.  If  rnhlK-'i  up  wiili  water,  an  equal  ammint  of  lime  water  added. 
left  to  stand  fi>r  several  hours  and  then  acetic  acid  he  adtled.  a  cloud 
will  indicate  mnctis. 

Muctts  is  incTcascil  ])liysiulopcalIy  as  the  result  of  hypersecretion. 
This  forms  a  glassy  or  clundy  coating  over  hard  fecal  masses,  ami 
evidently  serves  to  protect  the  inncntis  memhrnne.  It  is  poor  in  c«lls. 
It  may  also  l)c  present  nftt-r  an  active  purRf. 

That  from  the  small  intestine  is  intimately  mixed  with  the  stool 
anrl  hard  (o  isolate.  In  iliarrho^a  these  small  flecks  can.ljc  picked  out 
iR-itb  a  needle,  and  if  the  stool  he  solid  thev  can  be  found  as  shreds  or 
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lumps  which  never  are  bile  stained.  Such  small  Hakes  resemble  gas 
trie  mucus.  They  are  rich  in  cells  and  detritus  of  digestion,  lienc 
are  not  transparent.  The  bodies  of  the  cells  are  often  well  digested 
Some  masses  contain  no  cells  but  bilirubin  granules  and  crystals  in  ; 
cellular  arrangement,  as  if  the  cells  bad  been  digested.  The  so-calle« 
■■  sago  granules,"  or  "  spawn-like  masses"  of  Virchow.  Boas  thinks  ar 
very  rare.  Mucus  may  be  seen  microscopically  as  small  transparen 
lines  and  masses  in  the  stool.  The  minute  mucous  grannies  o 
"  islands"  of  yellowish  or  greenish  nnicns  staine<l  with  bilirubin  em 
phasized  by  Nothnagel  as  indicating  catarrh  of  the  small  intestim 
Boas  and  Schmidt  consider  exceedingly  rare,  and  for  the  most  par 
albuminous  matter  rather  than  mucus.  Yet  small  fragments  are  al 
ways  present  in  acute  enteritis.  Much  mucus  is  present  in  cancer  o 
the  rectum  with  stenosis.      (See  also  page  390.) 

If  mucus  be  present  in  large  amounts  the  stool  may  be  jelly-like 
In  some  cases  it  consists  of  mucus  alone,  is  then  glassy,  jelly-like 
thick,  glistening  in  appearance,  and  means  trouble  no  higher  than  thi 
sigmoid.  The  white  strips  or  tubes  even  several  inches  long,  some 
times  forming  a  cast  of  the  bowel,  seen  in  enteritis  membranacea  o- 
colica  mucosa,  a  secretory  neurosis,  are  particularly  interesting,  indi 
eating  neurasthenia  except  in  rare  cases  of  pelvic  tumor  pressinj 
upon  the  rectum.  Membranous  colic  occurs  mostly  in  women  (80  tc 
90  per  cent. ) ,  and  in  nearly  all  cases  it  is  preceded  by  years  of  con 
stipation.  Some  separate  the  cases  into  those  with  an  intlammator) 
basis  (enteritis  membranacea).  and  those  without,  "colica  mucosa," 
a  pure  secretory  neurosi.-;:  others  make  nn  sLich  division.  Some  pa 
tients  have  but  one  attack,  some  have  one  attack  a  day  for  even  ; 
week,  and  are  then  free  for  intervals  of  months.  The  masses  o' 
mucus  are  transparent,  grayish-white  or  bloody,  and  are  sometime; 
over  a  foot  long.  The  movement  consists  of  pure  mucus  withou- 
fecal  matter.  These  strijjs  of  mucus  are  considered  as  tapeworms  b} 
the  laity,  or  when  large  as  pieces  of  bowel.  Some  persons  will  evac- 
uate these  at  rather  regular  intervals.  Their  se])aration  from  the  mu 
co.sa  is  often  accompanied  by  very  severe  colicky  pains.  Their  relatioi 
to  intestinal  sand  is  interesting,  since  in  some  cases  these  coexist  am 
both  may  be  due  to  a  secretory  neurosis  {see  page  371 ). 

In  searching  the  stool  for  small  masses  of  mucus,  vegetable  masses 
and  especially  fruit,  must  be  excluded. 

Blood. — It  i'i  of  course  necesary  to  exclude  tliat  from  raw  meat, 
and  hemorrhage  from  the  mouth,  nose.  Kings,  and  vagina.  The  blimd 
mav  lie  sns])ectcil  from  the  red  or  tarry  black  ci>lor  of  the  stool, 
or  found  microscopicallv.  or  re(|nire  chemical  tests.  The  arrangement 
is  important :  fresh  blood  covering  a  fomied  stool  indicates  hemor- 
rhoids;  if  evenlv  distributed  with  the  food  niatter.  it  indicates  lieinor- 
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rhagc  in  ihc  slornacli  or  tlic  upper  part  of  the  small  intestine,  pro- 
viding the  stuo)  is  sohcl;    if  il)e  stuul  be  fluid  it  may  he  evenly 
distribuicil  •ind  tiidicalc  the  small  intestine,  hnl  nsiially  the  colon.     In 
3  li<|ui<l  stool  the  color  of  the  blotxl  is  a  Ijcttcr  criterion  than  is  its 
arraiigeiiietit .  since  the  darkness  in  eolur  iiicreai^e^  in  proportion  tu 
the  height  of  its  source.    Tarrj-  Wood  is  seldom  of  low  origin,  while 
fluKi  hluud  usually  conies  from  t!ic  colon  or  the  rectum,  and  yet  may 
be  from  much  higher,  in  the  small  intestine  as  in  typhoid  fever,  pro- 
vi«ling  it  be  quickly  enough  cxpelletl.     in  profuse  gastric  hemorrhage 
the  siuuls  may  be  of  a  black  tarry  color,     fii  profuse  typlniid  hemor- 
rhages, even  when  from  some  distance  in  the  ileum,  they  may  be 
brij^it  red.     From  tulierculous  ulcers  there  may  lie  no  blood.    In  cancer 
of  ihe  colott  blood  has  been  found  in  but  15  to  20  per  cent.   (  ?)   of 
the  cases.     Tlic  bloody  serous  stools  unmixed  with  fecal  matter  of 
volvulus  and  intussusception  arc  particularly  ini|H>rtant.     If  the  blood 
is  fresli  there  is  no  difiiculty  in  its  recognition,  but  when  there  is 
■Iciuljt  it  is  usually  a  hard  question.     The  microscopical  search  for 
rcil  blood-cells  is  unsatisfactory,  since  often  no  perfect  cells  arc  found, 
ami  all  have  broltcn   down   iiUo  masses  of  pigmeiu,   "h^eniatnidin." 
The  chemical  tests  arc  more  satisfactory.     Tcichmann's  acid-ha:n]in 
test  docs  not  always  succeed,  even  in  a  sure  case,  shice  the  right 
f  TBgmcnt  may  not  have  been  selected. 

Tlic  spcctrosco|>ic  test  is  valuable  to  detect  the  h:cmoglobin  or 
I'ttmatin.  Several  cubic  centimetres  of  the  stool  are  mixed  with 
valcr  and  ,1  few  dntps  of  snipluiric  m'u\  until  it  reacts  well  to  Congo 
T*!.  It  is  then  filtered  and  extracted  with  ether  plus  a  few  drops  of 
aloiltol.  The  ether  solution  is  hrovvnisb-red  from  the  acid  lixmatin. 
In  all  cases  the  li.Tmalin  from  the  meat  must  lie  excluded. 

For  the  turpeniine-guaiac  test  the  stiMil  is  rubbed  up  with  water 
and  mie-third  volume  of  glacial  acetic  acid,  and  shaken  out  with 
eilier.  .\  few  cubic  centimetres  of  the  extract  arc  cleared  by  adding 
a  little  alcohol,  iheu  treated  with  ten  drops  of  guaiac  tincture  plus 
thirty  dr<»ps  of  turpentine.  The  blue  color  will  indicate  blood  pig- 
"ifnt-  This  test  may  be  positive,  however,  if  the  patient  has  been 
cuing  potatoes  and  certain  vegetables,  or  taking  iron  as  medicine,  or 
illliere  Iw  much  bile,  saliva,  milk  or  pus  present.  It  is  not  reliable 
iihm  little  blood  is  present,  and  when  urobilin  disturbs  the  reaction. 
(Seepage  366.) 

The  aloin  lest  of  Klinge  and  Shaer  is  more  delicate,  Ijcing  posi- 
tive after  the  ingestion  of  only  3  gins,  of  blood,  hence  more  delicate 
nen  than  the  spectroscope :  Joachim '  advises  to  use  both  the  guaiac 
Jml  the  aloin  tests.     Preliminary  to  this  test  Koziczowsky  '  advises 

'Rcrl.  kiln.  WochenDclir.  1904.  xK.  p  466. 
•  Dcuiscli,  nicd   Woclienschr..  1904,  No.  .1,1, 
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an  asbestos  filter,  waslieil  willi  water,  and  llic  filtrate  brooght 
200  ce.  It  necessary,  it  is  filtered  a  second  time.  Tilly  cc.  of 
filtrate  arc  puureil  into  a  300  cc.  beaker  and  the  sugar  lietennti 
qunntiiatively.  The  aniuiini  <kiennine<l  ol'  the  gra|K;-:^ti|;ar  mi; 
plied  by  o.y4  equals  the  ammnil  of  starch  urigiually  presi-iil.  Qo 
tatively.  the  stuol  may  be  lM)ilc<l  wJtb  water  and  the  filtrate  tl 
tested  with  'rrniiinier's  or  other  wUitions.  It  is  best  to  precipil 
the  albumin  with  the  acetate  of  lead ;  the  lead  is  ilien  removed  \i 
CO(  and  the  filtrate  tcstc<l.  It  is  seldom,  however,  that  any  gliK 
is  found  unless  the  sluol  Ik  first  1x>iled  with  acttl.  ^ 

Permcnts.— The  stool  may  be  exincicd  with  glycerin  and  the  digc! 
power  of  the  cMrncl  tested:  or,  nccnrdinic  to  l^o.  fihrin  added,  Ahkh  will  abi 
the  pepsin.  The  farci-j  are  mixed  with  chloroform  water  until  ihtry  form  a 
IMhiy  niatf.  In  thl^  i«  suspended  from  1  to  3  gins,  uf  finely  diviilrd.  pretio 
tfoiled  bloud  filinn  cnclii^ed  in  a  eaiue  bag.  In  tweniy-fuur  huuri  this  bai 
reinovfil,  the  Sbrin  wii»hcd  a  ntimtier  01  timei  with  xatcr.  mid  tli«i  tested 
the  fcntieniN  which  have  been  abtorbed.  To  Icit  for  trypsin,  a  linl*  of 
fibrin  is  placed  in  .1  1  per  ccM.  sidniioii  of  soda  in  an  iiiciitiatur  and  iIic  tiiiiret 
applivd  li>  tile  tillrale  at  ihc  end  o{  a  few  hourt.  For  di.-iilaic  a  Utile  u(  the  G 
is  placed  in  a  thick  starch  solution  in  the  thermostat,  and  in  a  few  NMin 
fillrale  tested  with  dilute  Lugol'i  for  the  blue  color  of  starch.  Normally,  t 
ferments  seem  destroyed  or  absorbed  in  the  iniesiine.  yei  all  tna>  be  iire*en 
diarrhcea. 

Microscopy. — For  the  microscopical  examination  of  the  st< 
care  must  be  taken  in  the  selection  of  fraipncnls,  since  the  one  \ 
searches  at  raiulom  will  often  find  nothing.  In  the  case  of  para 
eggs,  etc.,  it  is  best  to  mix  the  stool  with  water  and  allow  it  to  si 
meni,  or  to  ceiitri fugalize  it.  Mucous  particles  are  to  be  clioset 
protornans  are  the  object -of  search.  In  searching  for  blixid  it  ol 
makes  considerable  difference  whether  the  right  parlidc  is  in 
or  not. 

Epithelial  Cella. — Squamous  ejiilhclial  cells  arc  often  found 
mucus  which  covers  the  stool,  and  cmne  fmni  the  anal  region:  m 
arc  present  in  cases  of  rectal  cancer  and  o{  proctitis. 

Cylindrical  epithelium  is  the  commonest  form  fouuil.  For  this 
mucus  should  be  studied,  ami  es|>ecially  that  which  is  obtained 
lavage  of  the  rectum  and  sigmoid.  These  cells  will  sliow  all  gn 
of  degeneration,  from  fairly  well-preserved  cells,  even  goblet-« 
to  those  which  are  very  f.itty,  and  finally  those  in  which  all  traa 
the  nucleus  is  lost.  They  occur  csiwcially  in  diarrhoea,  someti 
in  such  nnmlKTs  that  the  term  "  desquamative  catarrh"  is  ajiptiai 

Triple  phosphate  crjrstali  are  ahnost  always  present,  anrl  are  in 
ularly  formed,  as  a  rule.     Calcium  phosphate  crystals  occur  in 
same  form  as  in  the  urine.     In  addition,  arc  calcium  salts  of 
imknown  acids,  which  are  present  in   irregular,   oval,  or  circ 
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rrniiws.  sotnctinie-N  fissurctl.  sometimes  with  a  concentric  striation. 
These  are  always  biic-staincd.  The  calcium  soaps  and  calcium  ox- 
alitKare  fretjiiently  found  (see  Fig.  65). 

Cholestcrin  occurs  often,  but  rarely  in  typical  crystal  form,  and 
musi  be  tested  for  chemically.  Charcot-Leydeii  crystals  have  Ijccii 
found  in  a  great  variety  of  diseases,  but  it  is  the  consensus  of  opinion 
now  ihat  their  presence  always  indicates  some  animal  parasite,  al- 
though it  may  be  any.  from  the  harmless  oxynris  to  the  pcniicious 
untiiiarta.  Thcj-  arc.  indeed,  a  very  valuable  indication  when  they 
nceur  in  large  numbers  (sec  Fig,  67). 

Bismutbous  oxide  occurs  as  black  irregtilar  rhombic  crystals  after 
tlie  use  of  bLsmulh  suhnitrate  (sec  Fig.  6y).  Ilrcmatoidiii  crystals 
occur,  lint  are  rare. 

Remnants  of  undigested  food  form  the  chief  part  nf  the  picture, 
especially  the  thorn-like  spines  from  various  fruits  and  berries;   the 


^PiTH  cells,  of  which  (he  veins  of  leaves  are  largely  formed ;  the  thick 
^'lulose  shell  of  vari<jus  cells,  some  resembling  soap  masses,  some 
Parasite  eggs;  the  elastic  tissue  from  meats.  The  list  is  too  long 
**'HI  varicil  to  allow  enumeration  (sec  Figs.  69,  70). 

Macroscopic  Examination.    Call-Stimcs. — It  is  often  a  matter 

■  ^eat  imjM-iriance  to  Inid  these  in  case»  of  abdominal  pain,  and  the 

'*"^s  shoidd  be  carefully  searched  for  at  least  fourteen  days  after  a 

**S4picious  colic,  since  the  most  typical  attack  may  be  due  to  infection 

'      '  gall-ducts  without  the  jiresencc  of  a  >X<me.    The  stools  arc  mixed 

^^^11  with  water  and  then  rubbed  through  a  sieve.     The  gall-stones 

^^y  not  appear  in  the  stool,  since  the  softer  ones  certainly  fall  to 

•^^eces  in  the  intestine.  Naunyu  ibinkiug  that  only  those  with  a  hard 

""'tid  reach  the  rectum.    Also  the  stone  may  have  been  stopped  in  the 

***»cl  without  obstructing  it.     Their  si;:e  may  be  even  as  great  as  a 

'*<Beoo's  tgg.     These  stones  consist  of  the  calcium  salt  of  bilirubin 
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and  cholesterin,  one  or  both.     They  may  contain  also  biliverdin,  biS 
humin,  bilicyanin,  etc.,  and  calcium   carbonate   in   small   amounts 
Their  consistency  may  be  soft  or  very  hard ;    they  may  show  o- 
fracture  concentric  layers.     Some  are  smooth,  facetted,  others  rou^ — 
If  facettes  are  present,  it  means  that  more  than  one  stone  was  pres 
ent  and  that  the  source  was  probably  the  gall-bladder. 

Pseudo  gall-Btonea  it  is  of  great  importance  to  recogtiize  and  to  es 
elude.    These  may  be  woody  plant  masses,  as  the  hard  husks  about  th 
seeds  of  the  pear.     Such  can  Iw  recognized  on  cross-section;  they  a 
harder  than  gall-stones.     Fats,  oils,  and  soaps  of  high  melting  poi 
also  form  masses  which  may  deceive.     It  is  for  this  reason  that  th 
olive-oil   treatment   for  gall-stones  was   formerly  so  popular,   for  m 
was  followed  by  the  passage  of  large  numbers  of  pseudo-stones,  sofr 
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Fig.  70.— S]pint5  Idrniiikg  xht  "  down,"  Ihal  on  Iht  riphi  ol  n  ra^ptn'TT>.  on  ihe  letl  ol  a  r.uincc.    T^B 
art  rlteri  1:iki:T]  iriv  iiiv  embryos  01  parDhim' 

fatty  translucent  masses  very  different  on  cross-section  from  the  ti 
stones. 

Gall-sand^lliat  is.  very  small  .stones  ( the  size  of  sand  grains) ,  \vh  ^»  *'' 
somciimes  api>ear  in  great  numlicrs — ^may  C{>me  from  the  gall-bladd  ^^^r, 
but  this  is  rather  donlitfiil.  they  prolwbly  being  pseud o-c o n cret i o *^  ^^' 
True  gall-sand  would  be  <iissolved  in  the  intestine,  nor  would  sl"«  ^" 
an  aniinint  a]>pcar  at  one  time  iNainiyn). 

The  gali-stiine  is  usually  recognized   frnni  its   fractured  surfa.  *^^^^' 
This  is  necessary,  since  various  intestinal  concretions  and  conte*  '■■   ^^ 
(cfi-.  a  bird's  vertebra)  may  closely  resemble  one.     If  necessary, 
may  be  dried,  powdered  fan  unpowdered  stone  will  not  dissolve  sin  ^^ 
it   is   '^urroundcii   by   a   layer   uf   mucus),   and   dissolved   in   alcol""^  ^^ 
and  ether,   which  dissolve?  the  cholesterin.  which   then   will   recr>''  *" 
tallize  fiut  '>n  evaporation:    ^r  llic  stone  may  be  dissolved  in  Ixiili^"'? 
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*n  wliich  case  the  chok-stcnn  will  precipitate  at  once  on  cool- 
ing. If  to  the  resiilue  after  cxtractiim  of  Ilic  cholesicrin  is  added 
vtfy  dilute  potasKium  hydroxide  and  cooled,  a  yellow  solution  of 
alcium  salt  of  bilirubin  will  be  obtained  wliich  will  give  Gmelin's 
test.    If  bilihitmin  be  present  it  will  give  a  blue. 

Pancreatic  stones  are  much  rarer  than  gall-stones.      They  are 
tthhe  in  color,  anil  omsist  chiefly  of  calcium  carbonate,  hence  will 
,  (ffcrvescc  on  the  ad<lition  of  hydrochloric  acid. 

Enteroliths. — By  these  are  meant  incnistations  of  food  masses 
with  inorganic  sails.  Tlieir  greatest  imjiortance  is,  of  course,  in  ap- 
pendicitis. They  seldom  occur  in  the  fxces.  The  salt  present  is  for 
Ihciiiost  part  triple  phosphate. 

Intestinal  Sand. — Intestinal  sand  is  a  very  interesting  find.     By 
this  is  meant  small  grannies  of  inorganic  salts,  the  phosphates  and 
Qrbonatcs  of  calcium  especially,  but  also  of  magnesium,  iron,  and 
other  metals.    There  is  also  a  certain  amount  of  organic  matter,  also 
bl,  3  gvxwi  many  bacteria,  no  cholcstcrin.  sometimes  urobilin.     They 
areiphcrical  or  irregidar.  very  hard,  about  the  size  of  the  head  of  a 
pin.  0.15  to  2.5  nun.  in  diameter,  otten  of  a  red<!ish-brn\vn  or  green 
color,  and  may  he  found  in  the  stools  at  certain  times  in  large  num- 
ber*, even  half  an  ounce  at  once.    Most  of  the  cases  thus  described  arc 
"f  pieudo-sand.     Some  granules  seem  of  blood  pigment,  some  of 
tiile  pigment,  others  of  drugs  taken    (c'.g..  salol).     Some  have  as 
"iiideus  a  grain  of  <|uartz  sand  swallowctl  and  coated  with  phos- 
phiic^;    uihers  are  the  ^eeds  of  various  herries.  or  the  small  hard 
(fnmiles  from  the  seed-case  of  some  pear.     These  can  be  easily  ex- 
clurfeil  hy  microscopic  examination  of  the  cross-section.     True  in- 
'extinal  sand,  of  which  we  have  seen  hut  one  good  case,  seems  to  be 
'he  result  of  a  secretory  neurosis  of  the  intestine.    It  occurs  in  ncuras- 
'henic  persons,  and  often   in  association  with  membranous  colitis. 
Such  stools  are  often  prcccde<l  hy  about  an  hour  of  severe  pain. 
'-'cWst  refers  to  it  as  a  "  gravel- forming  enteritis."  perhaps  caused 
"}'  bacteria.     Tlie  large  nundwr  of  bacteria  and  the  reduced  bile 
P'RiTicnt  in  some  indicate  the  large  bowel  as  the  pl.ice  of  formation, 
**'lhijiigh  the  absence  of  the  latter  makes  Thompson  and   Ferguson 
'**>nk  it  in  their  case  formed  in  the  ileum.     The  granules  also  may, 
*s  in  oiir  r,ise,  appear  in  large  amounts  at  certain  intervals  not  related 
*•■'  diet,  with  nervous  symptoms,  anil  without  nmcus.     Calcium  sul- 
phate has  I)eeii  found  to  be  the  chief  constituent  of  some." 


IW<)(arit'*  ihinkfi  hiit  cue  ihowi  a  rdntionihip  10  gout  and  tophus  tormalion. 

'Btf  alto  Garrod,  Lancet.  .March  8,  1902,  and  &ichor«t.  Deui.  .Arch.  (.  k).  Med., 
>1oo.  Bd  68,  ptKt  I. 

"LuKfl,  July  2b.  1902 
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Tumor  Fragments — Tumor  fragments  and  adenomatous  polyp 
which  may  occur  as  an  independent  disease  or  grow  in  the  neighbo 
hood  of  cancers  or  ulcers,  may  appear,  having  their  origin  in  tl 
rectum,  colon,  or  even  higher.  They  are  hard  to  recognize.  If  tl 
stool  is  thin,  these  firm  fragments  of  a  grayish-red  color  and  fir 
consistency  may  be  found  and  the  diagnosis  made  from  the  arrang 
ment  of  the  nuclei  in  the  sections;  but  the  fine  details  will  all  hai 
been  lost. 

Intestinal  Parasites.     Protozoa.    Rhizopoda. 

Amceba  Cou. — This  amceba  (see  Figs.  71,  72)  is  now  general 
granted  to  be  the  cause  of  the  so-called  amcebic  dysentery ;  the  bacilli 
dysentery  is  a  different  disease.  In  a  well-marked  case  of  amoebic  d) 
entery  the  stools  contain  much  blood-stained  mucus  containing  lar: 
numbers  of  these  parasites.  It  is  of  the  utmost  im(X)rtance  th 
the  stool  be  examined  while  fresh  and  warm,  since  the  parasite 


Fig.  71. — Amceba  cnli  (Entamftha  dyKntcTis)»  common  lorm.    \  400, 

very  susceptible  to  cold  and  to  an  acid  reaction  of  the  medium,  hei 
soon  becomes  unrecognizable. 

-Although  dysentery  is  usually  present,  it  is  not  always,  s 
the  anicclw  may  be  found  in  the  hard  constipated  fieces  of  cases  = 
mitted  during  remissions  of  the  disease,  for  liver  abscesses,  e.g.  I' 
much  better  to  examine  the  nuicus  removed  by  a  rectal  tube  tl 
the  stool,  and  a  small  fleck  in  the  eye  of  the  tube  is  enough.  In  2 
case  mucus,  especially  blood-stained,  sliould  be  searched  for.  and 
none  found  the  liquid  part  of  the  stoo!  should  be  examined.  Et 
desirable  to  use  a  warm  .stage,  although  we  find  the  top  of  the  ste; 
ra<liatnrs  very  satisfactory.  Since  many  degenerated  epithelial  ce 
and  cells  from  the  fond  limk  very  much  like  amicb?e.  the  rule  shot; 
be  inviolable  to  always  see  definite  auKcboid  motion,  that  is,  the  e 
tru.sion  of  trne  pseudnpods  not  merely  a  change  of  shape.  !>efnre  pf 
nouncing  the  object  an  amceba.     This  rule  is  bard  to  follow,  especis" 


'"'"■  r^.— .\-iKi"l':i  <''i-l  '  l'-iiUlr>iHi->P:i  (1\  -HjrHi'i  i.»' ».     .\:i  iiiii'i>iii]iiriii,  \i-n  1i\  ;iiindiiii]  i  ''r^  iiiini-lHiril  |<>i  in 
■'^ -Mrs-ilc*    Li^iMily  lilk-il  Willi   red  li|i>i"i..  <-]K.      I  In- -:i!.il!   (■jTm-^iin.-  inn-Linur^M'  U-'--i   -i   -n-i  mni  <  .1^1  , 


if  amceba-Iike  bodies  fuil  ::'  re-i  il:T.:-:=lli  Lzt  iyjmL  —  r: :-:c-it:  — e.; 
mucus. 

BiologiaU  may  be  ible  »  rerr^zizi  i^.=  :a  i.-:tr  i..  ^_-^^— r:i- :t>  r.--:  *.- 
the  clinician.  In  the  ictcKirer  rcr^  •■:  ~'';  r*— =  -':„■;--  7;*-:=:;-;  r:i7.i;j  irn.'sijt, 
snd  degenerating  celi*  iraiy  »:■»  s-iz  L-.t-j  -'.^'ig-  --  s.:^e  jsj^^il.j  .'■:  ;;■:■{ 
warm  stage,  that  it  is  c:3C3  afer  -.:  j-tj.—  _-;  m^  ;-:-z  ■  1.-3:  ?;.■:.,  ir.i  ir  rir* 
9a  amaetHe  concerning  «-h:ch  thtrt  i;  -:  i::::  . .—  -_r-_7-  :v:-.-?.  :r  ;:  i  -yi'.-r.e 
ccloplasm  from  a  granslar  en-i:; li;^.  i."i  '-^ — ■*  »i-y  — ■::  ;z  .":  ;^j  *.>#ui.->.-'i. 
then  its  retraction,  or  bentz  a  ie^^-.i  ;r:r'iTi.:-  ';;  z:ti.--  :  :•;  t*;-,  :;  -  —-;>. 
safer  for  the  patient  if  oce  jook*  frr^er  i\r  -^t  Li^>:;:i-  ;■:  r:-zr>i.  tI-.s  rer'.y  ;r;iv 
be  made  that  these  "  degt^eratr^  tj;"J:tl:r=^  :il.-  — jt  :~  :rj-:'-  ":■;  :'-«  hirrr.'f** 
form  of  amutKC.  but  as  -.'z-:~e  sr-;  ii-il  :-ll;  i.rz  -ii  ;.  7;-.;  -i^i^-  j-iihr-s;-:.-  :—.- 
portance,   the  mistake  d-;*?   litTle  ■-sm 

Amceija  coli  U  from  i-  :.  5:  Tr.::r.r.^  :-.:   -:i:-c:e7.     1:  ;.:■.?-.<;?  ,■: 
an   endosarc  which  if  more  'ir  lef?   r.r.c!v  trir.-'iir  :■.■.:'.  •■r-'r.ic'.:  :;--!>■ 
contain  leucocytes,  red  bl'--j'i-cel'?.  ':-a"erii.  e^i*.::e":il  ce"?.  i".l  ■.>ir;;- 
cles   of   food   which  the  parai::e  '::^^   ir.qt~:f'..   cLr.u   a  c'e;\r   '.■.y^!:;-.tf 
ectosarc  best  seen  in  the  p5e-^-I>-;i.     Thei*  :.>e:;-l->-'>  :"ay  :<e  jtl^ 
jected  and  revolve  aruun'I  the  pcri?::e  '.'.■.'.'::  :"   cj">:r.g  ar.y  chaiige 
in  position,  or  by  means  of  I'r.cv.  ■.'i.t  tj^ir^fttc  :"sy  :i:-ve,  e.ef.  s--  i."!*: 
on  a  well-warmed  stage  that  :t  is  <::~cu':  :     :  "■  ■«  i: :  ■:t  tl-.e  iiarris^-.e 
may  not  move,  but  change  is  shajie  re;*;::e-l'y  by   pr..iev::i"g  one. 
two,  or  even  more  pseuik-i^.-I*  in  ■:hr::'-.:~  ■lirecti' r.s.     T::e  n.;c'e-.:>  is 
best  seen  in  the  parasite  just  'lea-l  ■  r  whic:".  has  ]jee:i  killeii  by  aoetic 
acid  or  corrosive  sublimate.     It  i-  -T'heric^;  ai:.!  aKiii  6  microns  in 
diameter.     .\s  a  rule,  it  is  not  clearly  seen  in  the  living;  parasite,  ami 
>"et  our  cases  differ  in  this  particj'.ar.     In  S"n:e  "early  every  ama'lvi 
will  have  a  very  distinct  nucleus,  wherea?  in  .-ihers  harilly  one  can 
be  well  made  out.  the  endosarc  of  tlie  jjara-ites  being  tilled  w  ith  detri- 
tus.   In  the  endosarc  may  ais-j  I>e  seen  "ne  'T  several  vacuoles  which 
'lotiot  pulsate.     In  fact,  the  parasites  in  ditterent  cases  may  vary  s*,> 
tiarlteilly  in  appearance,  in  size.  etc..  that  "ne  is  always  tcmined  to 
classify  them  in  several  groups  on  this  basis. 

Resting  forms  occur  in  which,  it  is  siaicl.  the  nucleus  divides 
''pQtedly,  and  this  is  supposed  tu  be  the  form  which  infects  anoihor 
li'st. 

Since  amcebx  are  found  in  cmulitinns  without  ulceration  01  the 
"ilestine.  in  diarrhcea,  typhoid,  acute  and  chronic  onteriiis,  o'liiis  and 
proctitis,  and  in  the  stools  of  normal  men.  sonic  (l<nibt  the  pathu- 
BWicily  of  the  parasite,  while  many  seiKirate  the  pathny;enic  .Xmu'lvi 
ti>!i  from  a  harmless  form.    Quincke  and  Ki  iss  sejKtraied  : 

.-\mcBl>a  coli  (Lciscli),  15  to  25  microns  in  diameter;  cncvsicd 
rarms,  10  to  15  microns,  patbopcnic  tn  man  and  tu  cai.s. 

Amoeba  coli  mitis,  25  tn  35  microns  in  diameter,  slijrhtly  patiio- 
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genie  to  man  causing  a  mild  enteritis,  and  not  at  all  to  cats.  Th^c 
form  never  contains  red  blood-cells,  but  many  bacteria  and  other  foo—a 
elements. 

Amceba  intestini  vulgaris,  similar  to  the  "  mitis"  but  not  at  a t 

pathogenic. 

True,  sometimes  are  seen  small  amoebse,  less  than  half  the  size  i 

the  ordinary  Amoeba  coli,  in  cases  of  diarrhcea,  with  large  numbers  c= 
flagellates.  In  several  recent  cases  these  small  active  amoebae  \ve^^ 
present  in  large  numbers.  They  contained  no  red  blood-cells,  tl^^ 
stools  contained  neither  mucus  nor  blood.  Large  numbers  of  Lambli^^ 
Cercomonas,  and  Trichomonas  were  also  present. 

The  best  recent  contribution  to  the  subject  is  by  Scliaudinn,"  who  separa^c_ 
Entamceba  coli  from  Entamoeba  histolytica,'"  the  former  the  common  harmle;^ 
variety,  the  latter  the  pathogenic  form  causing  dysentery. 

Entamceba  coli  can  be  found  in  the  stools  of  65  per  cent,  of  normal  p-^ ; 
sons  after  a  dose  of  Epsom  salt  (Craig).  Its  size  averages  somewhat  smaller  C  '' 
to  20  microns  in  diameter),  it  is  less  actively  motile,  there  is  less  difference  l>^ 
tween  endosarc  and  ectosarc,  the  latter  is  less  retractile,  the  former  has  less  demon  - 
strable  structure,  vacuoles  are  less  common,  and  the  nucleus  more  distinct  thsu'X 
in  the  pathogenic  variety.  What  is  more  important,  the  pathogenic  variety  show 
no  encysted  stage,  but  does  multiply  by  sporulation.  (For  more  details,  see  Cnig, 
loc.  cit.) 

Flagellata. — In  human  parasitology  the  flagellata  which  are  im- 
portant are  of  the  enflagellata,  and  of  these  the  protonionadina  and 
the  polymastigina.  Flagellated  rhizopods  and  lower  plants  must  be 
excluded  as  extraneous. 

Polyniastighia. — These  are  flagellata  with  three  equal  or  from 
four  to  eight  unequal  flagella  inserted  at  different  points.  They 
may  also  have  an  undulating  membrane,  often  mistaken  for  a  row 
of  cilia.  Of  these  are  two  groups  of  importance,  the  Trichomonas 
and  Lamblia. 

TRiCiioMONAS. — This  is  a  pear-shaped  organism,  rounded  in 
front.  i>ointed  I>ehind.  with  at  its  anterior  end  three  to  four  equally 
long  flageila  which  often  are  united  at  their  base.  The  undulating 
membrane,  which  is  usually  present  but  not  always  seen,  begins  at 
the  anteriiir  ])ole  and  extends  obli(|iicly  backward.  The  nucleus  i? 
anterior,  anil  behind  it  arc  one  or  more  vacuoles  which  do  not  pulsate. 
It  is  interesting  to  study  the  various  sizes  and  shapes  of  these  flagel- 
lated organisms,  and  their  movements.  ])arlicularly  so  when  in  an 
oiil  specimen  the  fiagella  have  been  withdrawn  and  then  evidently 
the  attempt  made  to  extnidc  them,  in  which  case  the  membrane  is 

".•Xrbcit.  a.   d.   K    Ge-und'hcitsamtp,   1003,   xi\.  p.   5f>.i 

"Craip.  Am.  Med.,  May  27.  June  3.  1905,  considers  the  name  Entamcflia  dys- 
enteric? better. 


FtG.  J3-— niruile  t^g*  1q  itoola'    a.  A,  c.  ckk*  o'  tTichoccplialu^  diipar,  shuu'jnj;  ihr  «lifierciit  colors 
(■pcciet?);  ^,  ^^  aACflrlt  Jiiinbricoirl«!i:  tf^  envelope  hKt;  «>«  perfect,     v  4m.. 
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projected  to  some  distance  in  three  or  four  different  directions  re- 
sembling the  struggles  of  a  cat  which  is  tied  in  a  bag. 

Trichomonas  Vaginalis  (Donne). — This  parasite  (Fig,  74)  is 
from  15  to  25  microns  long,  from  7  to  12  broad,  with  its  posterior 
end  drawn  to  a  thread,  its  cuticle  thin,  protoplasm  free  from  granules. 
It  has  three  flagella,  as  a  rule,  which  sometimes  seem  united  at  base. 
the  fourth,  wliich  is  sometimes  describetl,  probably  being  the  edge  of 
the  undulating  membrane.  These  are  of  eL|ual  length.  The  undu- 
lating membrane  extends  spirally  backward  from  the  anterior  pole. 
This  parasite  is  found  in  abundance  in  the  acid  secretion  of  catarrhal 
laginitis. 

In  the  intestine  various  forms  have  been  described  under  such 
names  as  Protoryxomyces  coprinarius.  Monocercomonas  horn  in  is 
(Grassi),  Cimasnomonas  hominis  (Grassi),  Trichomonas  hominis 
(Grassi).  Cerconionas  coii  hominis  (May),  but  all  of  these  are  now 


Fici.  74. — TrJcbomoiiAS  vaginalis. 

?*irisidered  to  be  the  same  as  the  above-mentioned  Trichomonas  vag- 

**^9lis,  which  parasite  can  live  in  the  vagina,  the  urethra,  the  large  and 

'*«  small  intestine,  the  stomach,  even  appear  in  the  mouth,  and  be 

•*^und  in  the  sputum  from  lung  cavities  and  in  the  Dietrich's  plugs.     It 

*^as  long  been  a  question  whether  these  parasites  were  harmless  or 

'^ot ;  whether  they  caused  a  diarrhrea  or  merely  aggravated  a  trouble 

^hat  was  already  present.     It   is  now  considered  by  many,  and  we 

Could  mention  one  or  two  cases  in  this  connection,  in  which  this 

parasite  seems  to  have  been  the  cause  of  a  severe  diarrhcea. 

Lamblia  (Fig.  75). — This  is  a  family  of  pear-shaped  organisms 
"Aith  a  deep  concavity  on  their  inferior  surface  and  with  four  pairs  of 
flagella,  three  on  the  edges  of  the  concavity  and  one  at  its  jiosterior 
extremity.  Various  names  of  this  parasite  are  Lamblia  intestinalis, 
Cercomonas  intestinalis  (LambO,  Cercomona.s  coli  (May),  Tricho- 
monas intestinalis  (Leuckart). 

The  protoplasm  is  hyaline  and  finely  granular,  "■ — ^•''ning 

solid  inclusions,  and  with  a  very  fine  cell  mem'  '" 

dumb-bell-shaped  and  at  the  base  of  the  oon 
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of  flagella  of  almost  equal  length  (9  to  14  microns),  one  on  each  sici« 
of  the  concavity,  two  pairs  at  the  projection  at  the  inferior  edge  CZ3 
the  concavity,  and  one  pair  at  the  end.  This  parasite  lives  in  tH^ 
jejunum  and  the  duodenum,  and  sits  still  on  the  top  of  a  column^^ 
cell,  which  it  embraces  with  its  concavity.  In  some  cases  they  air — 
found  in  such  numbers  that  they  form  a  membrane  covering  tl — : 
mucosa.  When  they  reach  the  large  intestine  they  are  encyste<[,  ar^M 
then  are  round  or  o\al  bodies  with  a  very  distinct  membrane,  with^E 
which  is  the  folded  organism.  The  motile  parasite  is  thus  not  seen  ^E 
the  stools  unless  in  a  severe  diarrhcea,  in  which  case  they  have  nc:_ 
had  time  to  encyst  theniseh-es.  They  then  move  witti  some  rapidi^t 
and  very  irregularly,  lashing  about  in  an  aimless  manner.  They  va^r- 
from  ID  to  21  microns  in  length,  and  from  5  to  12  in  width.     Tb-« 


^i  ^^ 


KiG.  75.— Lamblid  iiKounaliB.  hhowiii);  the  motik  toim  in  liiflcrenl  positions,  and  slagcaof  Ltsi:i]L->bliNK 

■  uoo. 

i-ncysted  ffjrnis.  from  10  to  14  microns  lung  by  8  to  10  wide.  The 
stools  should  Iw  examined  as  fresh  as  possible  and  on  a  warmed  stage. 
The  numlier  in  the  stools  may  he  enormous,  even  estimated  at  eigh- 
teen miiiifins  in  twcnty-fnur  hours.  Their  surest  point  in  <liagnosis 
is  the  concavity  and  the  dumh-bell-shaped  nucleus.  The  host  is 
chieHy  the  mouse,  rat.  rabbit,  dfg.  sheep,  cat.  etc.  Men  are  evidently 
iulecled  frum  water.  They  have  been  found  principally  in  children. 
While  their  pathogenicity  is  uncertain,  they  may  aid  in  the  disease. 
and  they  certainly  live  best  where  there  is  intestinal  trouble. 

W'c  have  recently  had  a  case  of  marker!  infection  in  a  medical 
ward,  recugni^eil  in  the  stool  hy  the  encysted  forms.  When  purged 
with  F.psoni  .salt  the  motile  Lamblia  was  easily  found.  The  egg-like 
encysted  forms  were  present  in  the  fatty  stfHiIs  in  great  nunilwrs, 
from  five  to  ten  being  present  in  most  of  the  fiehls  (400  x").     It  was 


inter»ting  to  watch  tlie  organism  encyst  itself,  first  witlidrawing  its 
tail  Hagclla.  then  becoming  more  oval,  with  the  concavity  last  tn  dis- 
apj^ar,  from  the  edges  of  which  the  Hagclla  prujecled  niitil  the  cav- 
ity disappeared.     In  some  cases  the  hues  in  the  encysted  form,  coni- 
nionly  taken  lo  indicate  the  folds  of  the  parasite,  sceiued  the  edges  of 
lliis  closed  cavity.     A  membrane  could  in  some  Iw  distinctly  seen. 

Prototnonadina.  forms  which  have  one  or  two  equal  or  one  prin- 
cipal tiagellum  and  one  or  two  smaller  ones,  arc  nnich  smaller  and  of 
a  lower  class  than  the  above  mentioned  polymastigina.  Two  tif  the 
three  fomis  occur  in  man.  Cercomonaditlre.  which  have  one  Hagellum 
and  no  nndnlating  meinhr.inc,  and  the  Trypanosoniida.-  which  have 
otic  ilagcllum  and  an  undulating  membrane  which  reaches  the  whole 
length  of  the  pJirasite. 

Crkcomonas    Mom  I  MS. — These   parasites    arc    small    flagellates 

occurring  in  the  stools,  from  lo  to  12  microns  in  length,  hut  varying 

from  8  to  i6  microns.    They  are  pear-shaped,  with  a  long  flagcUum 

at  the  anterior  end  which  may  he  even  twice  the  body-length.     They 

niove  very  rapidly.     Their  pathogenicity  is 

doubted.     Tliey  have  also  been    found  in 

other    parts    of    the    body,    including    the 

^ulum. 

Infusoria. —  The  infusoria  are  bilaterally 
>iiiimetrical  protoiroans  which  ha\c  a  per- 
manent shape,  arc  ciliated,  contain  contrac- 
tile vacuoles,  and  usually  a  macro-  and 
micro-nucleus.  Tlic  order  which  is  of  mo.st 
tmjH'rtance  to  us  now  is  that  of  Heterolricha,  which  arc  uniformly 
ciliatnl,  but  with  a  border  of  longer  cilia  around  the  peristome,  and 
of  these,  the  Balantidinm  group. 

Balaniidil-m  coLi  or  Paramecium  colt. — These  parasites 
I  Fig-  76)  Jirc  oval,  covered  uniformly  with  cilia,  are  from  to  to  too 
microns  long,  from  50  to  70  broad,  with  the  month  at  the  anterior 
end,  a  funnel  or  cteft-shaped  entrance  extending  one-fourth  the  body 
length  and  surrounded  by  cilia  about  twice  as  long  as  those  over  the 
body.  Tlie  cctosarc  and  the  endosarc  are  clearly  fliffcrcntiatcd.  The 
letter  is  finely  granular,  containing  many  fat  or  nmcous  droplets, 
starch  granules,  even  red  blood-corpuscles,  leucocytes,  and  bacteria. 
The  nucleus  is  kidney-  or  ljcan-sh.iped  and  also  accompanied  by  one 
or  more  accessory  nuclei.  Usually  there  are  two  contractile  vacu- 
oles which  pulsate  feebly.  The  surface  is  traversed  by  parallel  lon- 
gitudinal lines  connecting  the  two  poles,  most  distinct  at  the  anterior 
end.  The  anal  orifice  is  at  its  posterior  end,  which  is  rather  blunter 
than  the  anterior.  This  parasite  occurs  especially  in  the  colon,  but 
in  severe  cases  may  be  found  even  in  the  jejunum,  and  may  be  present 


^Cp|>ieil  from  Bmuii.] 
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ill  ilic  stools  in  sonif  cases  in  enormous  numbers,  even  from  one 
two  luiiitlred  in  one  drop,  Hie  bIoo<l-staine(l  mucus  sliuuld  be  c  3C- 
amined.  whicli  also  contains  many  epithelial  cells.  Tlie  patliogenici-  t^ 
these  ixirasitcs  has  been  qnestioned.  and  yet  it  is  now  t|inte  unar^mi 
lonsly  granted  that  they  may  1>e  the  cause  of  the  most  severe  ac — i* 
stubborn  catarrh,  which  may  even  Ik-  fatal.  Others  say  tliey  inva^czfl 
a  catarrhal  interline  as  secondary  parasites:  otliers  say  they  may  ^^« 
up  a  catarrh  \\hich  continues  after  they  die  out  (Henschen).  EK' 4 
tween  eighty  and  ninety  such  cases  are  now  on  record,  especially  Irc^  m 
Russia.  A  very  good  description  is  that  ffivcn  by  Strong  and  Mt^K  : 
grave,"  Kliincnko  "  concludes  that  the  diarrhtea  may  lirsl  be  d-^s-* 
to  their  mechanical  irritation  of  the  rectal  mucosa,  later  to  catarrhs  — 
or  even  ulcerative  colitis:  that  they  iiua<Ie  the  intestinal  wall,  ent^  ^s 
the  blood-vessels,  and  sometime*  cause  etnhnli  to  distant  org.ins;  b-«^at 
that  their  action  an<l  effect  arc  chiefly  mechanical  is  shown  by  the  a.?^ 
scnce  of  any  degenerative  or  inflammatory  changes  which  wo«lcJ 
point  to  a  tnxine."  j 

We  have  seen  these  parasites  in  a  few  cases  of  diarrhoea,  but  ii» 
none  severe  enough  or  in  numbers  great  enough  to  attach  much  im- 
portance to  their  presence. 

Enthelmintha.  Tkhhin.^  Spiraj.is.— The  ailuh»  or  the  embryos  miy  b«  in 
the  blnotji.  tiiii  they  arc  rnrcly  found.  Adiills  orciir  tii  iiitcitincs  of  ral»,  pifi. 
dogi,  nnd  caK  Tlie  nial«  worm  U  from  M  lu  1.6  mm.  lung  uiid  0.04  mm. 
Wide,  till-  femak  3  lo  4  nini,  lona  by  006  mm,  wide,  After  the  riKyat«d  em- 
bryot  are  iwallowed  with  meat  ihe  capiule  is  diseited  in  (tie  blinnach  and  Ihf 
embryos  mpidly  mature  in  ilie  inirstine.  On  the  fecund  dsy  llie  nialc»  die  and 
Ihe  female*  bore  their  way  into  ihe  mucuia  of  ibc  villi,  or  at  the  base  of  the  Licbcr* 
kuhn  slaiidt,  ai  which  point  ihey  lie  in  the  lymph  ipaeti  and  vivtparotisly  liatdi 
Ihe  young  (0,09  to  a:  mm.  long.  6  micrnns  wide)  inio  the  lymph  and  bloud-ittcani. 
Thrive  in  nine  or  ten  days  l)ciiiii  to  take  their  permanent  habitat  in  ibc  musclef. 
iinvetltng  pauively  in  the  bluod-ttrcam  and  aUn  acii«-cly  boring  their  nay.  They 
arc  then  about  I  ninv  lona,  A  capsule  is  formed  around  them,  and  in  abotit  oot 
year  thit  begins  to  calcify. 

AscARis  LUMBHicon)E.s. — Tliis.  the  ordinarj-  "round  worm."  is 
a  common  intestinal  parasite,  occurring  in  alKiut  0.4  ]H*r  cent,  of  all 
cases  (Garrison.  Kansotn,  and  Stevenson),  'I'lie  female  is  from  20  to 
40  cm.  long,  5  mm.  thick,  the  tail  straight  and  conical.  The  nule 
is  from  15  to  25  an.  long  anil  3  ninv  vliick.  The  ixisieriop  cimI  ts 
l»ent  ventrally  into  a  hook,  and  terminates  in  tlie  two  spicules.  The 
mouth  of  iKJth  is  surrrmnded  hy  Ihrt-c  papilla:.  The  color  nf  these 
worms  is  gray  or  a  dirty  reddish-brown,  While  it  is  an  inhabitant  of 
the  small  intestine,  and  hence  is  most  commonly  sceii  in  the  stools, 

"Johns  Hopkins  Hosp,  Bull,  February,  1501. 

"Itcitr  I,  pnth.  Anat.  u.  alls    P»tb„  igoj,  Bd.  33.  p,  aSi. 

"  Ehrnrooth.  Zeiischr.  (,  klio,  Med.,  1903.  wl.  xMx.  p.  jai. 
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yet  it  is  often  present  in  tlie  vomitns.  Its  eggs  (Fig.  75,  rf,  c)  are  found 
in  the  stools  in  large  numbers.  These  are  elliptical.  50  to  70  microns 
long  and  40  to  50  microns  wide.  Those  which  we  have  measured 
varied  from  65  to  So  by  45  to  55  microns,  including  the  envelope, 
ami  59  to  72  by  40  to  50  microns  not  including  this.     These  eggs 


•■I'..  77.— Oiyurii  vermiiularis,     A.  B.  and  C.  adulla;  A  and  C  arc  lenula  full  of  egRS,     ■-  12. 

n.  eBS.  X  41". 

have  an  unsegmented  protoplasm  surrounded  by  a  thick  transparent 
shell,  which  in  turn  is  covered  by  a  thick,  gelatinous  very  uneven 
lumpy  envelope,  which  is  usnally  bile-stained.  This  envelone  may 
be  lost,  in  which  case  the  siniwth-shelled  egg  has  been  mis  r 

the  unciraria.     In  the  diagnosis  of  this  worm  it  is  to  be  re 
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that  santonin  be  given,  which  wilt  have  a  therapeutic  as  we 
diagnostic  value.  These  worms  occur  in  children  especially 
are  present,  as  a  rule,  although  very  many  in  some  cases. 

Smith  and  Goeth  '^  consider  the  worm  they  report  a  new  : 
— "  Ascaris  texana." 


Fit.,  tS. — AiikyJoslomuTii  iluiKlcTialc,  iialurjil  s\ie  t'>  lell,  niucli  mn^iillied  bunu 

(Front  BfBUD.) 

OxvL'Ris  VermicL'L.^ris.- — This  little  parasite   (F 
in  the  rectum  and  colon  even   as  liipli   as  the  cecu 
habits  the  appendix,  but  it  may  even  reach  the  stoniac 
"Jour,  Am.  Med,  Assoc,  1904,  No.  8. 
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(trough   uterus  and   tube   to   Douglas's   cul-de-sac.      According   to 
sonie,  it  can  bore  its  way  through  the  intestinal  wall  and  cause  an 
abscess.     It  is  present  in  perhaps  0.8  per  cent,  of  adults.     The  adult 
male  is  from  3  to  5  mm,  long,  with  its  iwsterior  end  bent  into  a 
ventral   hook.      The   female   is    10  mm.    long  and   0.06   mm.    wide. 
Xhey  are  white  in  color.     Their  eggs  are  50  microns  long  and  16  to 
20    microns  wide,  and  have  a  characteristic  asymmetry.     The  para- 
site leaves  the  rectum  to  lay  its  eggs  on  the  skin  surrounding  the 
anus,  at  which  time  the  itching  occurs.     The  eggs  when  deposited 
already  contain  a  well-developed  embryo.     It  is  rare  to  find  the  eggs 
in    the  stools,  except  in  the  mucus  which  the  stool  gains  on  |>assing 
through  the  lower  rectum,  hence  the  skin  around  the  anus  should  be 

j^ipo'-tife 
dorsal  /'^C^^''P 


PtG.  79. — Caudal  bursa  of  Uncinaria  am«ricana.    {Schematic.) 


Examined  for  the  adults.  It  is  only  accidentally  that  eggs  are  found 
Except  by  scraping  the  surface  epithelium  from  the  margin  of  the 
^nus,  and  this  is  the  best  method. 

Very  good  plates  of  the  development  of  this  worm  are  given  by 
Heller." 

Uncinaria  Duodciialis  and  Uncinaria  Americana. — These  two  para- 
sites (Figs.  78-84),  belonging  to  the  nemato<le  family.  Strongyloida;, 
are  the  cause  of  some  of  our  severest  ansemias.  They  have  recently 
attained  great  importance  in  this  country  through  the  demonstration 
by  Stiles  that  they  are  the  commoTi  cause  of  the  "  anjeniia  of  the 
South."  In  five  hundred  cases  chosen  at  random  they  were  present 
in  3  per  cent.'*  They  have  long  l}een  known  in  their  cimnectiim 
with  bricklayer's  anxmia,  tunnel -workers'  an:emia.  Egyptian  chloro- 
sis, miners'  anaemia,  etc.  The  best  description  i>f  these  ])arasites  is 
that  given  by  Stiles  in  the  Eighteenth  Animal  Rei>ort  uf  the  Bureau 
of  .Animal  Industry,  1901. 

Uncinaria  Duodenalis,  .Vkkylostomlm  DromcNALF,, — The 
body   is   cylindrical,   somewhat    attenuated    anteriorly.       The     buccal 

"Dcutsch.  ktch.  f.  klin.  Med.,  tqo.i.  Bd.  77.  p,  21. 
••  See  also  Smith,  Am.  Jour.  Med.  Sci.,  1903,  vol.  cxxvi. 
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cavity  (Fig.  82)  has  two  pairs  of  ventral  teeth  curved  like  a  hook  ar»4 
one  pair  of  dorsal  teeth  directed  forward;    the  dorsal  rib  does  not 
project  into  the  cavity.     The  male  is  from  8  to  i  r  mm,  long  with      a 
caudal  bursa  {Fig.  80)  with  dorso-median  lobe,  and  prominent  latei — i\ 
lobes  united  by  a  ventral   lobe.     The  dorsal  ray  divides  at  a  poi^^nt 


FtG,  bo. — Caudal  bursa  uf  Ujicinaria  iJuixleiialis.     (SchemaLic] 

two-thirds  its  length  from  the  base,  each  branch  being  tridigitate- 
The  spicules  are  long  and  slender.    The  female  is  from  10  to  18  mm. 
long,  the  vulva  at  or  near  the  posterior  third  of  the  body.     The  eggs 
are  ellipsoid,  52  by  33  microns,  laid  in  segmentation.     Development 
is  direct  without  intermediate  host. 

Uncinaria  Americana  (Stiles,  1902). — This  differs  from  the 


[■'10    Hi,— Head  of  riiciii,i[LJi  .luiericacLi 
(Schemalic.^ 


h'lc.  >;.-  Hi:[i4l  nl  V I  urinaria  duudeiialis. 
<Schcnialit-l 


aboxe-mcntioncd  fnrni  in  that  its  buccal  cavily  (Fig.  81)  has  a 
dinsal  pair  of  pnuninent  semilunar  plates  or  lips,  and  a  ventral  pair 
of  slijjhtly  developed  lips  of  the  same  nature,  no  hook-like  teeth. 
The  dorsal  conical  median  tr)oth  projects  prominently  into  the  buc- 
cal cavity.  The  male  is  from  7  to  9  mm.  long,  the  caudal  bursa 
(Fig.  70)  w-ith  a  short  dorso-meilian  lobe,  which  often  appears  as 
if  divided   into  two  lobes.   an<!   with   prominent   lateral   lobes   unite<l 
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laterally  by  an  indistinct  ventral  lobe.  The  common  base  of  the 
doriil  and  durso-lateral  rays  is  very  short.  The  dorsal  ray  is  divided 
to  its  base,  its  two  branches  being  prominently  divergent  and  their 
lips  bipartite.  The  spicules  arc  long  and  siender.  The  female  is 
y  to  11  mm.  long,  the  vulva  in  the  anterior  half  of  itie  botiy  but  near 
the  etjuator.     The  eggs  are  ellipsoid,  64  to  72  by  .^d  to  40  miciims. 


-1 


Via.   i].--EKgio(  Unriaaria  iliiodviin!ls.    a,  iinsfKiicNIiit :  ^,  with  lour  Hrgiiwils  am)  sliuwinK  luitlrar 
ipiridles^  c  and  d.  lairr  aia^s  of  Hgmei>iaiit/n.     -  4<»- 

m    some  cases  partially  segmented   in  titero,  in  other  cases  contain- 
ing a  fully  developed  embryo  when  laid. 

The  eggs  {Fig.  83)  of  the  I'ncinaria  wonns  are  found  in  the 
stools  either  unsegmented  or  during  the  early  stages  of  segnienta- 
tion.  They  have  a  thin  clear  shell.  While  the  yolk  will  show  all  stages 
of  segmentation,  it  is  rare  to  find  eggs  with  an  undivided  yolk,  those 


*^  7'U*^.-^' 


.^■■1 


t,^w«.  . 


^  Ai-r-ir- 


Flc:.  H4. — Rmbn'onf  Vn'^mnrhi     *riT:rv":iT.  J  '    1>- i-i^l  i  j  I:.'   •■l-.-A 


divided  into  tour,  eight,  sixtten,  or  inort  -cgnicnt-  ii<-ing  the  most 
common.  The  eggs  should  be  -carclicd  i-ir  in  the  I'.iii-.  :■  -ncill 
amount  being  mixed  in  a  dr'.|i  <■:  water  ■.•.:v'.  •]t<-:i<]  ■■n  tin-  -\i-\-.  "I  ]■.'■ 
older  the  fseces  and  the  warmer  the  v.f;;;h<;r  ihc  m.-rc'  ;id.:i;n'-d  v.ill 
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ihc  scgmrntation  he.      Of  L'licinaria  aiiicricana  it  is  more  common 
to  liix)  tlic  tiilly  devcloi>c<l  cmbryu  wiiliin  ilie  egg<sh«ll  or  irtt. 

It  is  well  in  a  suspected  case  to  allow  llie  stool  well  mixe<l  willi 
water  to  sediiiienl.  or  tu  ceti[rifn{>:alizc  it:  the  egjjs  will  be  found  at 
llic  lK)ttom.  The  adults  may  be  found  in  iIk  sedimeuied  slool  after 
a  small  dose  of  tliyniol  fojlowcfl  by  oil.  The  adults  are  usually 
red  from  the  blood  wiih  wliich  tbcy  arc  filled.  They  occur  in  tlic 
duodenum,  jejiuuiiu.  and  ileum,  many  tbousaiuls  sometimes  in  oiiff 
perstm.  althouRh.  as  a  ntlc.  not  more  tban  a  few  hundred.  Whilr 
they  do  not  multiply  in  the  intestine  they  may  live  there  for  fivf 
years.     'Iliey  cause  a  severe  chlorotic  an;vn)ia. 

Stiles  .suggested  Ihe  simple  test  of  placing  a  small  portion  of  slool 
on  wliite  blottiufj-paiwr  and  allowing  it  to  stay  for  an  hour  or 
longer.     On  removing  it  a  re<ldish-brown  stain  remains. 


a 


Fia.ls>— D'"'""<>'*'i'*o'*tuiii.    a.uluLt:  A,  en  wllhembr>«i  c,  rniply  ihell.    |Fr«m  v.  Jikacti  ] 
TRICHOCKPtlAI.US       ThiuUIUKIS.  TRtCIIOCEPlI  ALUS        DiSFAR. 

Trichiuris  Twciuura.— This  is  the  ordinary  whip-worm,  a  worm 
from  4  to  5  cm.  long,  with  two-thirds  of  the  length  a  whip-like  tail. 
Tliey  occur  especially  in  the  cecum,  but  also  in  ihe  colon:  rarely 
in  the  small  intestine.  'Iliey  are  perhaps  one  of  the  mt>st  common 
of  intestinal  parasites,  in  10.3  per  cent,  of  adults  in  this  cotmlf)'. 
but  in  Ihe  stools  of  45  \kt  cent,  in  some  parts  of  (Germany,  and 
at  autopsy  in  uto  per  cent,  in  Southern  Italy.  Their  eggs  i  Tig.  73) 
are  very  characteristic,  being  from  50  to  54  microns  long  and  23 
microns  wide,  with  .in  unsegmcnted  yolk  and  a  very  thick  shell, 
into  each  pole  of  which  is  inserted  a  plug,  Tliese  eggs  present  an 
interesting  variety  of  colors,  .wmc  licing  light  Icnion-ycltow.  some 
deep  ycll<^w  and  some  a  dark  brown.  In  the  stools  we  have  also  found 
e^s  which  were  certainly  those  of  this  wonri,  but  which  had 
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pRp  at  the  end.  These  may  be  very  joiing  e^s,  since  they  have 
this  sliape.  This  parasite  is  harmless  as  a  rule,  but  may  cause 
CfUcriiis  and  the  severest  and  even  fatal  an:einia.  In  a  recent  review 
of  the  cflfcct  of  this  worm,  Becker  '"  classifies  the  symptoms  as  gastro- 
intcitinal.  diarrhtca  due  to  ukcrs  ur  catarrh,  blood  in  the  stools,  symp- 
tonis  of  appendicitis  even ;  nervous  symptoms  simtilating  iiictiingitis 
(Erinthoiighi  lierilieri  due  sometimes  to  this  worm) ;  and  an.xmia  with 
all  its  s)-mptoiiis. 

Stroxgvloides  Intestinaus. — Angiiillula  stercoralis  ct  intesti- 
nalis;  l-cptodcra  stercoralis  et  intestinatis;  Kbabditis  stercoralis.  Rliab- 
'  domtna  strongjioidcs,  arc  a  few  of  the  many  synonyms.  The  rhah- 
^■didform  \sir\x  of  this  parasite  found  in  the  stuoU  measure  fn^ii  0.3  to 
Hct6mn).  long  and  from  16  to  2i  microns  wide.  They  are  in  very 
"  Mlivc  motion.  The  liest  way  to  find  ihem  is  to  make  a  dci>rcssii>n  in 
[*»  fecal  mass,  fill  it  with  water,  place  the  stcx>I  then  in  a  Ihermostal, 


I  examine  a  drop  of  this  water  the  next  day  for  the  ecI-like  worms. 

;tRgs  do  <.)cciir.  bill  very  rarely,  and  couhj  liardly  t»e  distinguished 
"Oin  iIhxsc  of  L'nciuaria  duodenalis,  but  tlicy  arc  perhaps  a  little  larger, 
"Kksuring  from  65  (o  70  microns  loftg  and  from  34  to  3<>  nticnffti 
^iile,  and  are  very  modi  segmciucd.  In  the  intestines  all  stages  of 
'(» ilcvclopnicnt  of  the  cmbrjo  may  be  folk>wcd. 

KTbe  adult  female  resembles  a  filaria;  it  measures  from  3.1  to  3.2 
Oini.  long  and  3J  to  39  micron*  wide.  The  body  increane*  slightly 
tnd  gradtuliy  in  size  from  the  head  to  ihe  posterior  r|uaner.  and 
thtn  terminates  rather  suddenly  in  a  short  tail.     The  male  u  ainut 

r  fifth  smaller. 
The  worms  are  abundant  in  the  dnndenum.  fewer  in  the  jejunum. 
The  adults  are  found  very  rarrfy  in  the  stools.     Tltey  occur  in  ahoul 
06  per  cent,  of  all  penom. 

*  Drnttcfa   nrd  Wncfanuchr..  tgm.  Jmw  a6 
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Trematodes Eggs  of  Distonia  lanceoiatnm  and  Distoma  hepa-t- 

icum  have  been  found,  but  rarely,  in  tlie  stools.     Those  of  Disti>«Tr»a 
lanceclatum    are   yellowish    when   young,    dark    brown   wlien    okX^i. 
from  38  to  45  by  22  to  30  microns  in  size.     They  have  a  thick  sItb^U 
with  a  hd,  and  contain  a  ciliated  embryo.     Those  of  Distoma  hep^iit- 
icum    (Fasciola   hepatica)    are  yellowish-brown,   oval   in   shape,  »_  :nd 
from  130  to  145  microns  long  by  from  70  to  90  microns  wide  (  :^^ 
Fig.  85). 

Cestodes. — In  a  suspected  case  of  tape-worm  it  is  always  import^*-  "»t 

that  seginents  be  seen  before  the  treatment,  which  is  severe,  is  und  ^r~^r- 

taken.     We  have  had  sent  to  this  clinical  laboratory,  for  instate  ^z=:e, 

mucous  casts  of  the  intestine  under  the  supposition  that  they  yt^zir      re 

decomposing  tape-worms.     Certain   food  constituents  are  also  th"*    "us 

interpreted.     To  determine  the  success  of  treatment  the  head  sho-a^^^Hld 

be  searched  for;    the  stool  is  well  mixed  with  water  and  alio*,-  -^ed 

to  settle  for  ten  minutes,  and  then  the  upper  fluid  decanted:    thi&  is 

repeated  several  times;    the  heavy  head  will  settle  to  the  bottc»^»m. 

If  the  head  is  not  found  a  cure  is  not  certain  till  three  months  h=»       ve 

passed  without  the  reappearance  of  segments. 

T.«NiA    Solium. — The    infecfion    is    derived    from    Cysticercus    cellulosae  of 

pork.     The  adatl  worms  in  the  intestine  average  about  3  m.  long,  although  iim  ■•_-:^li 
longer  have  been  described ;    the  head  varies  from  0.6  to  i   mm.   In  diameter,  v*i--  itfc 
four  suckers  from  0,4  to  0,5  mm,  in  diameter,  and  a  rostellum  with  a  do»-»  B^fc 
crown  of  22  to  32  hooks  from  o.ii   to  o,i8  mm,   long.     The  neck  is   about  3      cr- wj. 
long,  and  is  unsegmented.     The  ripe  segments  are  from  9  to  10  mm,  long,  by  f«-«::»nj 
4  to  5  ram.  wide.    The  genital  openings  arc  al  the  margin  and  arranged  in  a  fa,i,»~/r 

■■■     '     ■-'.'■  ' 


rcB'ilar  alicniaiiiiy  uuiiuifr.  Tho  uicriis  i>-  charactcti.iiic.  consisting  af  a  large 
nicdi.m  siiiii  and  on  cnch  .-^iric  frniii  sovi-ii  to  icn  co.irse  branches,  each  one  of 
which  branches  dcndrilically.  The  tpj,'!-  arc  round  or  oval,  the  shell  very  thin 
bni  snrrniindcd  by  an  cnibrvdnic  shcil  Hlinh  is  thick,  with  r.idiating  linci,  and 
oflen  yciluw  in  color.  Thc-e  vwgs  iirc  abunt  35  micriin-.  in  diamelcr,  Thi'.  ivorni 
i.i  vxccSiivL-ly  rare  in  ,''imerica,  if.  indfcd,  any  cases  have  been  found,  tho-c  ex- 
hibited in  musenms  being  for  the  most  part  cases  of  mistaken  diagnosis   (Fig.  861. 

T.T^\i.\  S.\GiN.\T.\, — The  beef  tnpe-wnrm.  the  infection  arising 
from  the  cysticercus  nf  beef  and.  perhniw.  nf  siicep.  i«  in  ihis  coun- 
trv  r|iiit(;  cmnnion.  The  adult  worm  varies  from  4  to  8  m.  or  more 
in  length.     The  head   (Fig.  R7)   is  from   1.5  to  3  mm.  in  diameter. 


Pk.  K.—^.  ripe  link  of  Ticnfa  sBglniU,    X  ).    A.  (our  uiiiip*  linka.    X  1- 


•■.; 


Pto.  >(,—£((■  dI  TienU  u^uu    X  «aa. 
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cuboid  in  shape,  with  four  suckers  each  0.8  nun.  in  diameter,  and 
without  hooks.    The  neck  is  long  and  (ieiicate.    The  ripe  segments  ( Fig. 
88)  are  from  16  to  20  mm.  long  by  from  5  to  7  mm.  wide.     The  over- 
ripe segments  are  longer  ami  somewhat  more  slender.     The  genital 
openings  are  at  the  margins  and   irregularly  ahernate.     The  uterus 
is  characterized  by  the  multitiide  of  its  fine  branches,   from  twenty 
to  ihirty-five  on  each  side  of  the  median  stem,  which  branch  dicho- 
tomously.     The  eggs  {Fig.  89)   are  spherical,  with  a  thin  shell  sur- 
rounded by  the  embryonic  shell  which  is  thick  and  radiaiiy  striated, 


f^:- 


I'lc.v.— Hjinenolepii  B»n».    Aduli  (left),  head  (tight),  tgg  (above)  i  a,  hooklel,     (From  Braun.) 

transparent,  oval,   from  30  to  40  microns  long  by   from   20  to  30 
'Microns  wide. 

Hymenolepis  Nana.  T.enia  Nana. — This  is  a  ihvarf  tape- 
worm not  at  all  uncommon  in  man,  as  Stiles  ="  has  shown  who  found 
't  in  sixteen  of  three  thousand  five  hundred  persons. 

The  worm  (Fig.  90)  is  from  10  to  15  mm.  Innjr.  from  (^5  tn 
07  mm.  broad,  with  four  suckers  and  a  row  of  twenty-four  to 
'hiny  very  small  and  characteristically  shaped  hn(>k<;   I"  14  to  18  mi- 

■  New  York  Med.  Journ.,  1903,  vol.  Ixxviii.  p.  877. 
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crons  long)  on  the  spherical  head,  which  is  0.25  to  0.3  mm,  ir 
eter.  The  segments,  about  one  hundred  and  fifty  in  numb 
short  (14  to  30  microns)  and  relatively  broad  {0.4  to  0.9  mm. 

The  egg  is  characteristic;  it  is  spherical  or  oval,  30  to  37 
microns  in  diameter,  having  two  distinct  thick  membranes,  eai 
of  the  inner  having  a  more  or  less  conspicuous  process  with  filan 
appendages. 

The  parasite  inhabits  the  ileum,  where  a  few  or  many  the 
may  be  present.  It  is  probably  the  same  as  the  very  comma 
in  rats. 


DcpYLiDiUM  Caninum,     T«nia  Cucumehina. — This  lape-worm  is  frc 
35  em.  long,  from  1.5  to  3  mm.  broad,  the  head  elub-shaped  with  rostellum  a 
or  four  rings  of  hooklet.'i.     The  eggs  are  circular,  from  43  to  50  microns 
eter,  with  thin  shell.    It  occurs  in  dogs,  cats,  and  rarely  in  man,  and  then  c 
children. 

BoTHRiocEPHALUs    Latus. — This    tape-womi     (Fig.    gr 
largest  parasite  of  man,  is  exceedingly  common  in  the  maritim 

tries  of  Europe,  in  Ireland,  and  in 
The  cysticercus  stage  occurs  in  fi 
rapidly  increasing  number  of  cases 
ing  discovered  in  America.  A  ver 
report  is  that  of  \ViIIson.2»  Thi 
worm  is  often  8  m.  in  length  and  i 
cases  has  reached  even  fifty  feet. 
fections  are  often  multiple.  In  \V 
case  there  were  two  worms  with  an 
gate  of  eighty-two  feet.  In  the  r 
infections  with  fifty  to  one  hundred 
the  individuals  are  much  shorter, 
titnes  from  three  to  five  feet  long 
head  is  i  mm.  broa<l,  from  2  to  3  mm.  long,  is  ilat.  almond-  or 
shapefl.  with  two  deep  grooves  at  its  .sides  whicli  serve  as  s 
It  has  very  little  neck.  Tiic  ripe  segments,  which  begin  about 
from  the  iiead.  increase  in  size  until  about  lO  to  15  mm,  bro 
3  to  4  mm.  lung.  The  genital  opening  is  on  the  side,  not  thi 
and  around  it  the  uterus  is  arranged  as  a  rosette.  The  distr 
of  these  organs  is  more  regular  than  that  of  the  septa  of  tl 
ments,  Willson  considering  the  imperfect  or  abortive  segmen 
characteristic  of  this  family  of  worms.  The  eggs  are  charac! 
They  have  a  thin  sliell.  the  contents  coar.soly  granular,  mulber 
and  a  lid  which  may  be  open  or  closed.  In  very  young  ef 
lid  cannot  be  seen,  anti  in  older  may  be  rendered  evident  by  p 

"  Amer.  Jour,  of  Med.  Sci.,  1902.  vol.  cxxiv. 


KiG.  91.—  BolhTiocephalus  lalus. 
(Krom  Braun  ) 
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he  glass.  Their  size  is  70  by  45  microns.  Tlie  eggs  are  im- 
V"nam  in  diagiiDsis.  since  the  segments  occur  only  at  certain  times, 
allhuiigli  when  they  tlo  occur  it  is  in  large  amounts.  The  most 
interesting  thing  ahnm  ttiis  enormons  tape-worm  i>i  ihe  production 
iu  certain  of  the  hosts  of  an  amemia  which  ha;maloIogically  cannot 
be 'listinguislied  from  primary  pernicious  anxniia.  Only  a  small  per- 
centage 01  cases  which  harlinr  the  worm  have  thi^  aii.-eiiiia.  and  they 
,  ftcM'cr  rapidly  when  the  worm  is  removed.  \'ari<jns  reasons  are  given 
[for  the  good  health  some  hosts  enjoy. — heredity,  lack  of  predisposing 
[«ii5e*,  etc.,  white  Dehio  thinks  the  womi  to  he  liarmfiil  muM  cither 
'ilicnr  at  least  be  diseased.  The  cause  of  the  an-xniia  is  pretty  cer- 
[tainly  a  toxine  affecting  the  hlcwtl  and  perhaps  the  Iwnc  marrow. 

The  eggs  uf  Schistosoma  ii.'ematobicm  (  see  page  2j^)  may  also 
br  found  in  the  Mtxiis.  It  is  interesting  to  note  the  nunil>cr  with  the 
»pine  lateral  and  those  with  it  terminal. 


Fib-  V  — Ecf  of  ^h^Rtntomji  hfvmatDbiuin  found  in  ilool.    <  4Mp 

Plant  Parasites, — Yea.stb  are  often  present  in  normal  stools. 
[UoL'LiJS  are  rare.  The  Ou)R^M  almilans  has  very  rarely  been  found 
children.  Sarcin*  are  often  found  in  cases  of  dilated  stomach, 
ml.  inileed.  may  lead  to  a  diagnosis  of  this  condition.  They  occur 
other  conditions  also.  When  present  in  targe  numbers  they  may 
ijjfravate  a  diarrhoea  by  the  products  of  their  fennenting  processes. 
Tliey  are  the  same  as  Sarcina  vcntriculi. 

Bacteria. — TIic  various  members  of  the  colon  group— the  sub- 
lilis.  lactis  aerogcnes.  and  Bacillus  putrificus  coli — form  no  inconsid 
rralile  i>an  of  llie  mass  of  the  stools  (sec  page  356).     Also  are  found 
Clostridium  hutyricuni,    which  takes  the  brown  stain  with  iodine,  and 
with  cartcer  of  the  stomach  the  same  long  bacilli  as  there. 

Ti'Hercle  BAcri.i,i. — In  a  search  for  these  it  is  »icle«s  to  digest 
_a  solid  stool.    Mucous  masses  should  be  selected,  especially  the  blood- 
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stained  or  purulent  particles,  and  these  treated  as  in  sputum.  I 
class  work  it  is  interesting  to  note  how  many  some  find  who  sele 
the  particles  with  care,  and  how  many  students  find  none.  In  inie 
tinal  tuberculosis  they  are  often  present,  and  yet  in  cases  in  whit 
they  would  be  most  expected  none  are  found,  hence  the  probabili 
is  that  many  are  destroyed.  Again,  when  found,  the  possibility 
their  origin  from  swallowed  sputuin  must  always  be  thought  of,  a 
the  diagnosis  of  pulmonary  tuberculosis  has  been  made  in  this  w; 
especially  in  children;  but  this  is  rather  a  remote  possibility  in  ■ 
case  of  a  careful  adult. 

Page's  method  of  searching  for  the  bacilli  in  the  solid  stool  is 
suspend  a  piece  half  the  size  of  a  pea  in  1.5  cc.  of  distilled  wa 
add  54  cc.  of  a  mixture  of  equal  parts  of  absolute  alcohol  and  etl 
and  centrif ugalize  for  ten  minutes ;  a  smear  made  of  the  sedim 
is  fixed  to  the  slide  with  a  drop  of  egg  albumin,  and  stained 
usual. 

Stools  in  Bisease — In  typhoid  fever  the  stool  most  characteri 
is  of  "  pea-soup"  appearance,  copious,  watery,  of  foul  odor,  alka 
reaction,  with  many  triple  phosphate  crystals.  But  in  clinics  wl 
limit  these  patients  to  a  rigid  milk  diet,  diarrhcea  is  less  comr 
than  constipation.  The  stool  is  frequently  blootl-tinged,  this  tinge 
sometimes  warning  us  of  a  coming  hemorrhage.  Pus  (microscof 
is  rare  except  in  severe  cases  with  extensive  ulceration. 

In  severe  Asiatic  cholera  the  rice-water  stools  are  quite  chai 
teristic.  These  are  copious,  the  water  being  in  good  part  secreted 
the  intestinal  wall,  with  small  gray  flecks  which  are  masses  of  epith( 
cells,  cholera  spirilla,  and  fat  droplets.  They  have  no  fecal  odor, 
alkaline,  alninst  acholic,  sometimes  are  bloocl-staine<l.  coiUain  1 
albumin  and  much  salt. 

In  the  mild  cases  there  is  a  simple  diarrhcea;  in  those  of  cho 
sicca  the  opposite  condition  to  the  above  obtains. 

In  dysentery,  recta!  diarrha'a.  <7iid  cmiccr  of  the  rectum. 
movements  are  fref|uent  and  scanty.  They  soon  lose  their  fecal  cl 
acter  and  become  mucnid,  inucopundent.  hemorrhagic  or  sero-hen 
rhagic.  the  amount  of  lilood  separating  the  cases  of  "  white"  fi 
"  red"  <liarrhrca.  Sometimes  fragments  of  necrotic  mucous  menibr 
or  of  cancer  are  fnimd:  often  masses  of  bloody  mucus.  The  ode 
somelimes  slight,  sometimes  very  fmil. 

In  ainccbic  ilyseitlcry  during  the  acute  exacerbations  there  is  d 
rhtea  of  from  three  to  six  movements  a  day  containing  bloody  mi 
in  which  mav  be  found  the  amrcK-e;  the  stools  are  tiiin  and  wat 
their  odor  offensive.  These  periods  are  separated  by  others  of  t 
vcars'  duration,  with  normal  movements,  or  constipation,  and  yet  1 
the  amceba?  mav  be  found  if  looked  for.     It  is  in  these  cases  that 
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^B  routine  examination  of  the  stool  is  important,  especially  in  case^  with 
^P  iivCT  troubles,  as  was  seen  in  a  recent  case  of  irregxiiar  fever  without 
^P  liver  or  intestinal  features  and  constipation.  At  autop!^y  a  large 
P    tmoebic  abscess  of  the  liver  was  found,** 

I  Pancreatic  Disease. — Fatty  stools  are  common  (see  page  360),  yet 

I  thisimisl  he  confirmed  by  other  signs  of  pancreatic  disease.  A  large 
I  unoimt  of  muscle-fibre  i,\Kotorrha:a)  in  a  case  without  diarrhoea 
^m  i<  a  vakiable  sign;  a  reduction  of  ethereal  sulphates  in  the  urine  is 
^B  a  point  in  favor,  yet  alone  is  of  little  value:  vet  all  together  are  of 
^M  value  in  a  case  without  jaundice  and  with  other  signs  of  pancreatic 
H  di'eaM.  as  abdominal  tumor,  glycosuria,  etc.  in  some  cases  of  dia- 
H  bncs  the  stool  is  jnire  fat,  in  amount  from  a  tew  drachms  to  a  cup- 
^m  ful  of  pure  yellowish-brown  fai :  in  others  about  ,^0  per  cent,  is 
H  iat.  Xaunyn  knows  of  no  case  of  true  fatty  stools  in  diabetes  with- 
al out  pancreatic  di.scase. 
H       For  Sahli's  test  of  the  efficiency  of  the  pancreatic  juice,  see  page 

H  355- 

^m  A  recent  method  highly  recoiunieiided  is  the  use  of  pancreon. 
H  which  preparation  is  not  affected  hy  the  gastric  juice.  In  a  case  with 
^  niudi  muscle  in  the  slool  ami  no  diarrliora.  if  pancreon  be  given  and 

I  ilie  muscle  diminish,  it  is  in  favor  nf  pancreatic  disease.     ^ 
Some  {e.g.,  Ury  and  .Mexander)  *'  would  base  the  diagnosis  on 
faiiy  stools,  many  mn.sclc-fibrcs  in  a   fairly  solid   stool,  and   failure 
of  jaundice.     The  suspicion  is  especially  justified  if  a  large  amount 
of  fluid  fat  sqiarates  itself  from  the  rest  of  the  stool.     The  simul- 
taneous presence  of  glycosuria  is  rare,  the  absence  of  decomposition 
if  rot  usual,  nor  should  it  be  expected  since  there  is  so  much  albumin 
present,  but  the  siiimltaueous  stcatorrhtca  and  azotorrhaa  is  imiwr- 
lanl  ami  with  diabete:s  conclusive. 

And  yet  a/otorrhrea  may  fail  wholly.  .Again,  the  steatorrhoea 
alone  is  not  so  important;  with  complete  atrophy  of  the  pancreas  this 
m.iy  persistently  fail ;  also  its  presence  may  he  due  to  a  long  list  of  dis- 
eases affecting  fat  absorption  as  well  as  to  a  diminished  amount  of  fat 
splitting,  important  as  this  is;  and  again  in  some  cises  with  increased 
fat  the  i>er  cent,  split  is  normal  All  will  agree  that  stool  cxaniina- 
tifwi  is  of  little  value  unless  the  patient  has  been  on  a  constant  diet 
of  known  composition.  As  yet  not  enough  work  has  been  done  to 
detect  more  than  gross  variations.  The  assimilation  limit  for  fat  in  a 
norma]  cise  is  about  350  gins,  of  butter;  of  this  the  loss  is  not  over 
7  ID  10  per  cent.:  jaundice  or  acholia  due  to  other  diseases  must  not 
be  present ;  the  fat  should  not  be  einulsificil :  any  diarrhcea  should 
checked  with  opium  when  making  such  alimentary  tests. 

"Sec  alM>  Oiindlman  and  Lafteiir.  Johns  Hopkint  Hosp,  Rep.,  vol,  ii.  p.  30s 
•  Deuttch.  iticd,  Wochcnschr,,  tg04.  No.  36. 


CHAPTER    V 
THE    BLOOD 

'  Obtaining  the  Blood. — A  simple  shaqi-pdiiitc*!  lanret  is  necessary, 
or  a  nccillc  with  a  cutting  edge.  Of  tlic  latter  there  are  on  the  ninrkei 
several  with  a  bayonet  ]Xjini.  A  good  instrumeiit  is  the  ortiiiiaTj 
Hage<I<im  nce<ile,  which  the  surgeons  prefer  for  l>loocl  w<jrk.  If 
nothing  better  is  at  haml,  an  onHnarj'  steel  pen,  one  nib  of  which  is 
brnken  off.  will  ilu  excellently.  The  one  thing  to  remember  is  thai 
the  ijoint  shoulil  have  a  cnlling  e<Ige,  and  not  he  round  an<l  shnqi,  niM 
too  long  and  silciidcr,  as  is  so  i>ften  the  case.  There  are  on  the  market 
also  liolders  in  which  separate  nccdk-s  can  he  inserted.  These  can  !» 
thrown  away  when  dull,  thus  obviating  the  necessity  of  sliarj>eniiig  the 
instrument.  Sjwcial  forms  have  liecn  invented,  snnic  with  the  necitlc 
on  a  spring  which  forces  it  to  a  certain  dq>th,  as.  for  instance^ 
Francke's  needle,  which  i.'*  qnick  and  painless,  and  is  1o  be  recom- 
mended to  those  who  cannot  train  themselves  to  give  a  shari>.  quick 
blow.  In  another  form  the  needle  projects  from  a  holder  which 
serves  as  a^guanl.  and  hence,  no  matter  how  hard  a  blow  is  given, 
can  penetrate  only  a  certain  distance.  .\n  illustration  of  this  is  the 
Daland  needle.  We  prefer,  however,  a  simple  tnslnnneiit.  any  needle 
with  a  cutting  edge;  and  if  the  hand  lie  at  all  trained,  a  puncture  can 
be  made  dcei)  cnougli  to  get  as  much  b^wd  as  is  necessarj-. 

If  considerable  blood  is  desired,  a  hyporlerniic  syringe  should  be 
used.  A  tight  Iwndage  is  tied  around  the  upper  arm.  an<I  then  a 
towel  wet  with  warm  htchlori<ie  wrapped  around  the  ellx>w- joint,  which 
has  been  previously  cleaned  up.  The  nccflle  is  in.serte<1  into  the  dis- 
tended me<lian  basilic  vein  at  the  end  of  the  elbow.  For  quantitative 
blood  work,  however,  after  the  needle  is  inserted  the  bandage  must  be 
removed  and  circukition  he  allowed  to  return  to  normal  before  any 
blood  is  withdrawn,  since  the  stasis  has  altered  the  concentration  of 
the  blood. 

Two  forms  of  forceps  arc  necessary  (Fig.  98).  the  one  with  the 
crossed  points  which  will  hold  one  cover-glass,  and  the  other  the  ordi- 
nary slratgln  pinch  forcejjs.  with  which  the  second  cover-glass  is  to  be 
handled.  In  the  case  of  the  first -mentioned  forccp,<i  the  two  arms 
shoulrl  come  in  contact  for  the  whole  length  of  the  blade,  and  therefore 
hold  one  edge  of  the  cover-glass  solidly.  Tlie  spring  of  the  .secoml 
pair  should  be  as  weak  as  pos>ible.  since  when  large  nundjcrs  of  cover- 
glasses  are  to  be  handled  .1  stiff  pair  will  weary  the  hand  considerably. 
Beginners  prefer  tn  handle  one  cover-glass  with  their  fingers,  and 
39' 
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H  ilihough  lliis  is  advised  by  many  good  autliorities,  we  insist  that  it 
B  ihail  not  be  dmie  in   lliis  clinic,   because  tli«   lecliniqtie   U  certainly 

■  bwer  if  th«  fingers  do  not  touch  the  cover-glasses.  Also  after  the 
I  worker  has  become  accustomed  to  the  forceps,  he  can  work  more 
B  Rpidly  and  accnratcly  vviili  ihe  l\vo  than  if  he  uses  his  fingers  for  one. 
I  The  glass  slides  must  lie  thoroughly  cleaned  for  use  in  bluorl  work, 
H  The}'  have  often  a  right  and  a  wrong  $i<le,  since  they  are  cut  from  a 

■  (Aliened  cylinder  of  glass;  in  some  boxes  almost  all  arc  slightly  con- 
I  cave  on  one  side  and  convex  on  the  other,  since  the  flattening  was  not 
H  pcrfecl.  If  the  bloo<l  specimen  is  on  the  concave  si<le  the  slide  will 
B  tTKk  on  the  stage  of  the  microscope,  hence  making  it  impossible  to 
B  ktqi  a  field  in  focus,  while  if  the  specimen  is  put  on  the  convex  .side 

■  llu'sJide  will  rest  firmly  on  iis  two  ends. 

■  The  cover-glasses  should  \x  thin.  No.  i,  or  preferably  No.  o,  and 
I  Ihrre-quarters  of  an  inch  square.  Cover-glasses  seven-eighths  of  an 
B  inch  square  arc  a  little  too  large  for  blood  work.     In  general  only 

titiv  cover-glasses  shall  Ijc  used.  The  reason  f(>r  this  is  learned 
liv  biiter  experience,  because  it  is  almost  impossilde  to  clean  up  a 
Cffier-glass  so  that  small  masses  of  detritus  or  hemoglobin  will  not 
«main  on  the  glass,  and  the  student  wilt  think  it  pigment  or  some 
other  unusual  thing  in  liis  next  blood  specimen. 

To  clean  this  glassware  considerable  care  is  necessary.    The  tedi- 
nique  will  dqjcnd  on  the  state  in  which  they  are  found  when  bought. 
We  have  received  boxes  of  cover-glasses  and  slides  which  it  was  so 
'liflicult  to  clean  that  we  discarded  them.    As  a  rule,  however,  there 
is  little  difficulty,  and  to  wash  iheni  off  in  soap  and  water,  then  clean 
water,  then  in  95  per  cent,  akohul  is  suflicicut.     If  necessary-,  they 
slioutd  be  soaked  aliout  twenty-four  hours  in  concentrated  hydro- 
chloric acid,  then  washed  in  water,  then  in  95  per  cent,  alcohol,  then 
in  ether.     It  is  well  to  keep  them  either  in  95  per  cent,  alcohol  or, 
carefully  wiped,  in  a  glass  dish.    They  should  be  handled  only  with 
force()S.     For  wiping  tlieni  an  old  linen  handkerchief  is,  we  think,  hy 
far  the  Iwst,  since  the  repeated  ironing  has  removed  the  most  of  the 
lint.     A  blood-worker  should  always  have  at  hand  a  plentiful  supply 
of  clean  glassware. 

In  obtaining  the  drop  of  blood  considerable  care  should  lie  taken 
to  select  thai  portion  of  the  b<.'dy  which  promises  the  best  results. 
To  always  prick  the  ear  or  always  one  finger  is  a  ilecidedly  foolish 
habtl.  since  in  some  cases  the  one  will  serve  much  better  than  any 
Mber.  A  general  rule,  however,  should  always  l)e  nbserved. — to  avoid 
any  part  which  is  cyanosed  or  (edematous.  W'c  Iia\e  seen  counts 
made  on  the  two  ears  at  the  same  time  in  which  the  leucocyte  count 
varied  by  too  per  cent.,  and  the  same  may  be  said  of  the  two  hands. 
The  ear  is  usually  the  best  part  to  prick,  since  it  is  always  within  reach. 
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a  ner%*ous  person  cannot  watth  the  worker,  and  it  is  rclativelyp^H 
less.  In  young  children  this  last  pojiil  is  parlicularly  true.  Ami  ^V 
if  the  lobe  of  the  car  be  small  and  tlnn  it  will  be  dit^cult  to  get  a  ilrup 
of  blood  from  it.  if  the  lobe  of  the  ear  is  thii-k  it  is  usually  pricke<! 
CK1  the  Hat  side,  it  l)cing  sirctcbcd  over  the  index-finger  by  the  ihuinl 
and  middle  linger.  In  case,  however,  it  is  thin  and  considerable  bloo* 
is  necessary,  it  is  well  to  prick  on  the  edge  and  parallel  to  tlic  siirfac* 
In  cases  of  pernicious  nnxmia  the  ear  usually  offers  mitch  die  1x^3 
opportunity  to  get  a  good  drop  nf  blood.  'Hie  Germans,  as  a  nil*! 
lake  the  palmar  surface  of  tlie  ball  of  a  finger  of  tlie  left  liand.  an* 
can  usually  get  a  good  drop  of  blood.  Our  sttidcnls,  in  studyingt 
their  own  blood,  have  learned  to  scardi  on  the  anterior  surface  of  ih« 
forcanii  for  die  pain  points,  and  avoiding  these,  to  always  prick  ov-ei 
a  small  sttperlicial  vein.  In  this  way  a  good  drop  of  blood  is  obtained 
easily  and  painlessly.  In  the  case  of  very  small  children,  llw  greW 
toe  or  the  heel  is  to  be  preferred.  Each  individual  case  should  bi 
studictl.  and  before  the  prick  is  made  the  obscr\er  sli<ni!d  ticcidc  wha 
part  of  the  body  offers  the  hfst  opportunities,  whether  the  ear  or  ihi 
linger,  the  forearm  or  the  foot,  always  remembering,  however,  tha 
a  congested  or  a  cyanoscd  or  an  ccdemaloiis  part  is  to  be  caretuU; 
avoided.  It  is  particularly  desirable,  in  case  the  patient  is  to  b 
pricked  at  least  twice  a  day.  true  of  our  pneumonia  cases,  to  vzir 
the  parts  selected  su  that  lliey  will  not  get  sore,  The  patients  wii 
very  soon  tell  us  where  they  wish  die  (lroi>  of  blood  obtained,  Tl* 
needle  need  not  be  sterilized,  but  is  lirst  {li]ipcd  into  alcohol.  Tb 
skin  is  washed  off  with  alcohol  and  perfectly  dried. 

The  method  of  "  stabbing"  varies.  Some  prefer  a  short,  quidt 
sharp  blo;v :  others,  slow  pressure.  Which  method  is  to  be  rccora 
mended  deiiends  on  die  person  using  it.  In  general  it  may  be  sail 
that  in  case  considerable  blood  is  desircil  a  slow  steady  deep  prid 
is  belter  than  a  quick  one.  Tlie  patients  much  prefer  a  prick  that  i 
too  hard  radier  than  several  which  are  not  deep  enough,  and  lb 
unfortunate  accident  of  going  through  the  entire  lobe  is  for  the  patten 
not  so  uncomfortable  as  the  several  light  blows  which  beginners  ai* 
apt  to  give.  'Ilie  part  pricked  should  not  be  squeezed,  nor  sliould  i 
be  held  in  a  position  which  will  check  its  circulation,  tier  should  i 
have  Ijccn  rubbed  to  increase  circulation  at  Iliat  point,  nor  should  li; 
hard  pressure  the  (low  be  aided,  since  by  all  of  these  nwtliods  lit 
concentration  of  the  blood  may  be  slightly  clianged.  The  drops  shouli 
well  out.  The  first  is  wiped  off,  the  second  used.  To  encourage  ih 
flow  a  slight  pressure  prolrably  does  no  harm,  but  to  s(|ucczc  is  no 
good  technique.  In  case  many  drops  are  lo  be  taken,  the  incistoi 
should  be  wiped  occasionally  with  an  alcoliol  sponge  and  then  will 
a  dry  sponge,  since  this  will  keep  the  place  bleeding  better  than  a  dr 


iponge  alone.    Always  ask  for  a  history  of  hxmophilia,  f<jr  the  bleed- 
ing from  even  a  small  prick  is  in  those  cases  difficult  to  check,  and  the 
I     very  slightest  prick  will  furnish  ciio\igh  nr  even  loo  much  blooii. 
B       The  Examination  of  the  Fresh  Blood. — The  examination  of  the 
^Lyeeimct)  of  fresh  blood  is  very  iniiK>riant.  an<l  shuidd  be  a  routine 
^^RQCediire  in  every  possible  case.     \et  many  neglecl  il  for  the  study 
ofsuinefl  specimens,  which  should  lie  cfinsidercd  of  secondary  value. 
Ill  the  majority  of  cases,  of  course  it  is  the  stained  specimens  which  we 
study,  since  it  is  not  always  or  often  convenient  for  the  pnictiiioner 
lo  study  fresh  blood.    \Vc  speak  now  of  the  relative  value  of  the  two 
laminations,  other  things  being  etjnal.   Sometimes  information  of  the 
I      hipliest  value  and  of  a  very  unexpecicd  nature  is  learned  from  a  fresh 
K  prtparation ;    troirc  often  hints  arc  jrained  suggesting  to  the  worker 
H  ilong  what  further  lines  to  work.     He  will  tlms  make  examinations 
H  cf  which  he  might  not  have  thought,  and  can  save  himself  the  time 
H  of  some  done  as  a  matter  of  routine.     Some  things  can  be  studied 
H  only  in  ilie  fresh  specimens,  and  more  can  be  better  studied  there  than 
H  in  the  stained. 

H      Technique. — The  slide  and  cover-glass  must  lie  [wrfeclly  clean  {sec 
■  PfiC  393)-     ft  is  well  that  the  slide  lie  slightly  warmed,  perhaps  by 
W  nibbing  it  rapidly  with  a  cloth  or  holding  it  an  instant  near  a  flame, 
iinee  the  blood  spreads  much  better  on  glass  at  about  body  tempera- 
ture than  it  does  on  a  cold  one.    The  sine  of  the  drop  is  a  matter  of 
considerable  moment.    One  about  as  large  as  the  head  of  the  conmion 
small  blad{-headed  pin  is  right  in  most  cases.     'Hie  skin  is  punctured, 
the  first  drop  wiped  off,  and  the  second  or  a  later  picked  up  from 
the  ear  by  means  <if  a  cover-glass  held  in  the  pinch  forc,ei>s.  care 
being  taken  that  the  cover-glass  does  not  itself  touch  the  skin,  and  is 
then  rlropped  at  once  onto  a  slide.     The  blond  should  spread  evenly. 
Under  no  con<lition  should  die  oiver-glass  be  pressed  down  or  tapped 
with  the  forceps  to  aid  spreading,  since  this  does  not  make  a  poor 
specimen  good,  and  doc*  too  great  mechanical  injury  to  the  corpuscles, 
.After  the  drop  has  once  touched  the  slide  it  is  needless  to  say  ibat 
the  cover-glass,  even  thoufjh  it  projects  over  ihe  edge,  cannot  be 
pushetl  into  a  better  position.     Tlic  student  should  alw.ivs  make  sure 
tliai  he  puts  the  cover-glass  on  ihe  convex  side  of  the  slide,  since  it  is 
exasperating  to  have  a  rocking  specimen  under  the  microscope.    Tlie 
drop  should  be  so  small  thai  when  well  spread  the  blood  film  hardly 
reaches  the  edge  of  the  cover.    The  reason  for  this  is  that  the  ohsener 
needs  the  whole  of  a  specimen,  however  small,  under  observation :  an<l 
since  the  distribution  of  cells  varies  at  different  parts  of  the  slide,  there 
is  an  advantage  in  a  small  drop. 

Red  BIood-CellB.— In  ihe  well-made  specimen  the  red  corpuscles 
all  lie  singly,  tlat  on  their  sides,  not  overlapping  nor  in  nnilcaux. 
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ill  sonii'  cases  it  is  important  to  know  whether  the  tendency  to  rouleaux 
formation  is  increased  or  diininielicd.  since  in  some  diseases  there  is 
none,  while  in  others  ii  is  sn  much  increased  that  all  the  rc»l  blotxt- 
corpuscles  arc  badly  cinmped.  To  test  this  a  large  drop  of  blood  is 
wseci. 

The  NL'MBER  of  the  red  hiood-cclla  may  !»  giicsscd  at  with  a  cer- 
tain degree  of  accuracy  by  one  who  always  uses  approximately  the 
same  si/ed  drop  of  blood, 

The  sn.\i-E  of  the  rctl  blood-cells  is  of  considerable  moment.  In 
the  circulation  ihcy  may  be  cup-shaped,  but  in  a  well  made  specimen 
they  llatleii  out  on  the  glass,  showing  a  biconcaviiy.  When  they  do 
not  Hattcn  out  well  interesting  pictures  are  gained;  one  looks,  (or 
instance,  into  the  concavity  of  the  cup  the  sides  of  which  have  con- 
tracted toward  the  centre  and  become  almost  parallel,  enclosing  an 
hour-glass-shaped  orifice,  the  base  of  which  is  so  thin  that  it  seems 
absent,  In  the  well-made  specimen  the  celts  lie  i>erfectly  flat  and  are 
quite  round  when  alone,  polygonal  when  in  contact.  Sooner  or  later 
near  the  e<l.s;c  of  t!ic  specimen  crcnatcd  cells  arc  seen:  lliat  is,  they 
become  spherical  and  covered  with  small  prickly  points,  giving  llie 
picitire  of  a  thorn-apple.  These  should  never  deceive,  and  yet  they 
may  in  case  a  corpuscle  presents  but  one  of  these  projection*,  and 
thai  on  its  flat  surface,  in  which  case  it  is  often  mistaken  for  a  small 
ring  form  of  the  mnlarial  parasite.  By  crcnatioti,  however,  is  meant 
not  alone  this  artefact  of  prickle  formation,  but  a  change  in  the  con- 
tour of  the  corpu.*cle;  that  is,  insle:id  of  a  round  disk  widi  an  even, 
circular  margin  (unless,  of  course,  tlie  corpuscles  are  crowded  one 
against  the  other),  ilie  margin  is  uneven  and  shrunken,  as  is  seen  for 
instance  in  quartan  and  ?esiivo-.-iniunnia]  malaria. 

The  presence  of  poikilocytcs  should  at  once  attract  attenlimi.  By 
these  are  meant  corpuscles  whicli  are  ahnornial  in  size  or  shape  of  the 
cell  as  a  \iliole  (not  the  fine  irrcgidariiies  of  crciialion).  Poikilocytes 
may  be  due  ( i )  to  technicpie.  If  the  cover-glass  he  pressed  u]H>n.  a 
certain  number  of  the  corpuscles  will  fragnieni  into  small  spherical 
masses  and  small  elongated  rods  which  resemble  bacilli,  Tlie  ease 
with  which  this  fragmentation  occurs  depends  to  a  great  extent  on  the 
cmdition  of  the  corpuscles.  If.  because  of  disease,  they  are  "  weak." 
a  slight  injury  which  would  not  affect  a  normal  corpuscle  will 
cause  them  to  break  up  (Stengel).  In  case  the  cover-glass  has 
hi-cn  moved  after  the  cells  have  spread,  they  will  suffer  consider- 
able distortion,  (j)  A  specimen  of  fresh  blood  in  a  very  warm. 
moist  chamber,  anti  es|w:cially  if  at  50"  to  54*  C.  will  present 
the  most  remarkable  picture.  Tlie  corpuscles  lose  their  shape  and 
sliow  definite  contractile  movements;  some  will  elnngatc  considerably 
and  move  around  with  a  vermicular  motion.     We  have  known  of  a 
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D^le  hospical  staff  studying  with  astuiiisUineni  tlie  g>'nitions  of  these 
uitrheatvd  red  blood -cells,  sure  that  sonic  new  parasites  liarl  been 

idiiOOVfred.  More  toinnionly  the  corpuscles  iiiulcr  these  cumlitions 
are  seen  to  btid.  and  these  burls  to  become  detached  and  swim  iii  the 
wruiii  as  tnicrocytes.  Sooner  or  later  in  such  a  specimen  nearly  all  of 
ilic  pflkilocytes  will  fragment.  (  ^  )  Afif.  When  the  s|)ecinien  is  made 
the  corptiscies  may  be  considered  living  cells,  but  in  three  or  four  hours 
iltalh  processes  are  visible;  these  appear  much  earlier  in  the  blood 
of  a  <li5ease<l  case.  They  are  studied  Ik-sI  in  well-sealed  specimens 
on  a  warm  stage,  and  resemble  those  of  the  overheated  specimen, 
except  are  less  in  degree.  (4)  But  the  poikikKytcs  which  interest  us 
oiW  arc  cells  which  arc  misshapen  when  the- specimen  is  first  made. 
iJi'l  which  probably  were  so  while  in  the  circulation.  A  very  few 
may  lie  fmmd  in  fresh  normal  bIot)d.  The)'  <»cciir  in  any  severe 
anxmia,  but  e>pecially  in  primary  pernicious  ana'mia  of  even  mild 
fffjcle.  Of  ihe  many  forms,  two  were  once  supposed  to  be  charac- 
tfrisiicof  this  disease,  those  rcscmlilinp  a  battledore,  and  the  elonjjatcd 
or  sausage  forms.  Poikilocytes  certainly  seem  to  liave  amceboid  mo- 
tiwi,  at  any  rate,  they  are  masses  of  contractile  protoplasm.  Tliis 
I       is  particularly  seen  in  the  small  microcytes  which  can  chanfje  their 

I.'haiie  amsidcrably  and  rapidly.      (  Plate  I.  J3-28;   Fig.  93.  k.l 
Tlte  elasticity  of  the  cells  certainly  varies.     Tlie  large  pale  cells 
in  inxmia  look  flabby;    poikilocvtes  may  be  cells  which  were  round 
inthccircidation  but  wilh  diminislied  elasticity,  hence  when  the  siuear 
is  made  lose  their  shape:   in  lead  poisoning  i(  is  said  to  be  increased. 
In  the  budding  cells  so  often  seen  the  projections  may  have  the 
»oilor  i<{  the  nonual  cells  or  be  paler  or  darker.     They  are  attnchetl  by 
1  longer  or  .shorter  pedicle,  imil  often  break  free.     Such  buds  which 
tircak  loose  and  which  have  no  harmoglobin  are  sup|>oscd  by  many  to 
be  illustratiuns  r>f  the  formation  of  some  blood -platelets. 

The  SIZE  of  the  red  blood-ccUs  should  be  noted.     Nomially  in 

rfie  adult  the  average  diameter  is  ",5  micronS.     The  stu<tcnt  shoidd 

carefully  olt^rve  the  variations  in  size,  and  try  to  determine  which 

snnll  cells  are  preformed  and  which  the  result  of  his  technique.    Tlie 

siire  of  the  cells,  so  uniform  in  the  adult  (and  yet  a  few  dwarfs  will 

l>e  found),  varies  much  in  the  normal  infant  blood.     In  ccrt,iin  <Iis- 

ea*es  also  the  variation  is  considerable ;  in  some,  as  in  chlorosis,  there 

is  a  quite  uniform  diminution :  in  other  diseases,  as  iiernicious  anxmia. 

the  majority  of  the  cells  will  be  larger  than  nonual;    in  secondary 

anaemias  the  size  %'aries,  large,  small,  and  normal  siied  cells  being 

present,   true  also  of  pernicious  an.tmia.  hut   to  a  less  rlegrce;    in 

tertian  malaria  it  is  often  the  size  of  the  cell  which  helps  us  to  find 

the  parasite,  a  large,  swollen,  pale  cell  attracting  attention  to  the 

encloswl  lertian  form,  while  a  small  shrunken  cell  may  point  to  a 
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quartan  or  aestivo-autunwial.  although  in  the  case  of  the  quartan  the 
pigrmcnt  and  the  proioplasln  itself  will  probably  first  attract  attention. 
The  average  size  is  said  to  he  increased  in  jaundice,  cholera,  lead 
poisoning,  and  leukfenna;  also  in  conr^enital  heart  disease  and  in 
cretini&ni. 

Color. — Tlic  color  of  the  corjitisclcs,  nonnally  of  a  grecnish- 
yelkiw.  may  vary  either  in  depth  or  in  shade.  Variations  in  depth  of 
the  color  <lepen<i  on  the  amount  of  hwmoglobin.  and  the  trained  eye 
will  even  suspect  the  color  index  from  the  examination  of  the  fresh 
blood.  Often  by  focussing  the  biconcavity  is  seen  in  normal  corpuscles, 
but  is  not  very  evident,  and  in  many  cells  cannot  even  be  imaginetl. 
In  case  of  a  "  iighl-weight"  corpuscle,  however,  it  is  much  more 
prominent;  the  corpuscles  often  appear  to  have  no  centre,  and  even 
:i  narrow  ring  may  he  all  that  is  seen,  the  so-called  "  pessary  fonns," 
In  other  conditions  the  corpuscles  seem  to  lack  all  biconcavity,  attd 
some  may  appear  even  biconvex,  especially  true  of  some  microcytes. 

The  change  in  ccdor  tone  is  of  particular  interest.  Tliis  seems  to 
be  due  to  some  chemical  change  of  the  hemoglobin,  The  corpuscles 
containing  the  qnarian  and  especially  ttie  iestivo-autmnnal  parasites 
are  hcatitiful  illustrations  of  this,  some  cells  which  contain  even  a 
young  ring-fonn  appearing  much  darker  than  the  other  corpuscles 
and  of  a  greenish  "  brassy"  tone.  A  similar  although  less  marked 
change  in  color  is  seen  in  microcytcs  and  in  cells  fragmented  by 
mechanical  injury.  Tlie  color  of  cells  and  fragments  of  cells  seen  in 
macrophages  and  phagocytes  is  so  markedly  changed,  often  so  very 
green,  that  it  is  hard  to  believe  it  ti>  l>c  due  to  h;cmoglobin. 

In  some  diseases  there  is  a  quite  uniform  change  in  color.  In 
chlorosis,  for  instance,  nearly  all  of  the  cells  arc  paler  than  normal: 
in  pernicious  anaemia  a  large  niunbcr  will  seem  darker  than  normal. 
In  other  conditions  there  is  more  variation  in  the  shade  of  the  cor- 
puscle, as  in  secondary  ana:mia  and  in  malaria.  It  is  our  custom 
each  year  to  distribute  to  the  class  fresh  specimens  from  several  cases 
of  chlorosis,  primary  ansemia.  and  sccomhiry  an.Tmia,  and  ask  the 
students  to  decide  from  the  appearance  of  the  coqjuscles  from  which 
conilition  the  blood  was  obtained.  Tltey  are  reipiired  to  make  a 
fresh  specimen  of  their  own  blood  for  comparison.  Soon  the  studaits 
arc  able  to  express  a  pretty  definite  opinion  concerning  the  nature  of 
the  case. 

Nucleated  reds  are  sometimes  very  easy,  but  often  very  hard,  to 
find  in  the  fresh  specimen,  the  nucleus  being  indistinct.  To  any  one 
who  has  studied  amphibian  blood  this  is  not  at  all  surprising,  since 
in  that  blood  in  which  every  corpuscle  is  nucleated  one  is  often  sur- 
prised at  the  small  number  of  nuclei  he  realty  sees.  .-\n  occasional 
normoblast  is  seen  in  normal  blood,  but  it  ts  a  pure  anottialy. 
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■  The  DEGENERATIONS  o£  the  rcti  blotnl-celUare  very  important  (Fig. 
Fdj).  These  are  necpobiotic  thaiigos,  which  appear  stxnicr  or  later 
,  according  to  the  intravascular  coiniiiion  of  the  WochI,  or  the  ireatmeni 
fciirtttives  when  or  after  llie  specinini  is  made.    The  "  total"  degcncra- 

■  nifls  have  already  been  described.  More  important  than  tliese  arc  those 
Ifanial  degeneraitoiis  which  go  under  a  variety  of  names,  as  vaaioli- 
lation,psetHln-vacuoltzati<)n,  pseudo-nuclealion.  ctat  cribriform,  globti- 
I  br  decolorization.  and  more  commonly  Maragtiano's  cndogl()hular 
Idegnieratioii,  or.  in  shori.  "  Maraglianos."    These  Marag^Iiano  eiido- 

■  globalar  degaieralions  arc  seen  in  normal  blood  usually  from  thirty 

■  iDM\-enty  minutes  after  the  specimen  is  made.  Usually  they  are 
I  iomid  in  the  centre,  but  may  be  near  ilie  periphery  of  the  cell.  A 
I  tdl  may  contain  one  or  several.  At  this  imint  the  corpuscle  appears 
I  thinner  and  a  vaciiole-Iike  area  appears  which  seems  free  from  haimo- 
Iglolin  (and  the  surrounding  plasma  stained).  'J'his  area  is  usiully 
KdnohI.  although  it  may  be  elliptical,  and  increases  toward  the  periphery 
Midffl  a  nvere  rim  of  h.'emoglobitt -containing  protoplasm  may  l>c  left. 
HUAoogh  they  resemble  vacuoles,  they  arc  probably  areas  of  coagu- 
■luii-c  necrosis.  These  degenerated  masses  certainly  change  their  shape 
Bad  their  position  w  ithin  the  cell ;  they  are  extruded  sometimes  from  the 
Inllor  remain  when  this  goes  to  pieces.  Whether  their  changes  in 
Bihape  are  due  to  contractions  of  this  degenerated  protoplasm  or  to 

■  Ihne  of  the  surrounrhng  normal  protoplasm  is  a  hard  <piesiion.  but 

■  Uk  rapid  motions  that  they  make  may  lead  the  licginncr  to  suspect 

■  Iktttheii'  are  malarial  parasites.  It  is  not  true  ainoeboid  motion,  since 
Kit  i»  not  through  their  change  of  shape  thai  they  change  their  position. 
■The  rapidity  with  which  these  appear  in  the  specimen,  other  things 

Iwigeijiial,  depends  on  the  intravascular  condition  of  the  corpuscles. 
Uaragltano  and  Castelhno  have  used  the  time  of  the  appearance  of 
these  degenerated  areas  as  a  basis  to  group  diseases  and  sLigesof 
diiease,  giving  to  it  a  certain  prognostic  value.    They  may  have  laid 
(00  ^at  stress  on  these  degenerations,  but  it  is  certain  that  in  almost 
any  severe  disease,  and  especially  in  the  primary  ana-mias.  they  appear 
modi  earlier  than  in  normal  blood.     Tlie  best  description  of  these 
tiegenerations  is  that  given  by  Maragliano  and  Castellino.'     These 
ncuole-like  areas  may  be  mistaken  for  nuclei  and  for  malarial  para- 
ales.     The  latter  mistake,  one  may  be  sure  from  specimens  sent  to  the 
(Enical  laboratories,  has  been  responsible  for  several  "  unusual  cases" 
I'f  malaria  which  have  been  reported,  in  which  it  was  claimed  only 
hyalines  were  found.     Although  only  the  trained  eye  will  recognize 
these,  it  may  be  said,  in  the  first  place,  that  their  size  differs  from  that 
of  the  parasite,  beginning  smaller  and  soon  becoming  larger;  that  they 
grow  more  numerous  the  longer  one  searches  for  them,  so  that  the 
'Z«i»chr.  f.  klin.  Med..  iHq3.  vol.  xxi. 
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Student  is  often  sun>risc(l  tliat  lit  should  have  overlooked  so  many 
"  parasites"  at  lirst.  since  lie  tiiids  them  su  easily  later:  dicy  ozm:.  as 
a  rule,  in  the  centre  nf  the  cell,  although  this  is  not  at  all  coiuiant;  they 
are  rtmiul  or  oval  in  shape,  and.  what  is  must  important,  they  looV 
more  like  vacuoles  with  very  sharp  edges,  although  not  mudi  more  »« 
than  does  the  ring  form  of  the  hyalines:  on  changing  the  twiisup  or 
down  this  vacuolc-likc  area  enlarges  or  diminishes  in  size,  while  lfr»e 
parasite  becomes  more  an<l  less  di&tinct:  in  general  they  are  nnic=1v 
easier  to  see  than  is  the  parasite;  their  movements  may  be  similar  t^o 
those  of  an  ajntehoid  organism,  and  their  pcriphcr>-  may  show  tt"** 
s;nne  wavy  motion,  but  true  anncboid  motion  is  not  present;  th«^)' 
change  position  and  they  change  shape,  hut  they  do  not  accomfilish  it- '■4 
former  by  means  of  the  latter.  Beautiful  "  scgmcntcrs"  may  be  se^^r 
(see  Fig.  93.  i).  In  Fig.  93  the  attempt  was  made  to  show  tl 
differences  (contrast  a,  f.  and  0  with  /).  In  fixed  specimejis  they  shi> 
a  granular  structure  and  will  take  a  basic  stain,  but  have  no  red  chi 
matin  mass. 

Maragliano  considers  that  many  so-called  nucleated  reds  are  real 
nothing  but  these  degenerated  cells;    but  the  differences  in  size,  ll 
changes  in  appearance  of  these  on  changing  the  focus,  an<l  the  di&ti 
chroniaiin  net-work  of  the  nucleus  sliould  not  allow  this  error. 

Various  other  areas  deserve  particidar  notice:  for  instance 
oval  or  ring  furms.  which  are  of  the  shape  of  a  hyaline  malaria  rinM 
with  a  circular  refractive  centre;  these  sometimes  have  a  definite  crca- 
cent  shape,  and  are  famous  since  once  described  as  the  parasite  i.>/' 
mefislcs.  and  more  reccnily  as  that  of  spotted  fever  (sec  .Vnderwin's 
figures).  What  these  areas  are  is  not  clear:  they  change  shape  in  3 
peculiar  way:  they  do  not  increase  in  number  or  grow  larger  011 
standing;  llicy  occur  in  the  greatest  variety  of  conditions,  but  esft- 
cially  in  measles  (see  Fig.  93.  6). 

In  other  cells  are  rod-like  areas  resembling  bacilli,  c.  Thoe 
"  bacilli"  may  keep  up  a  con.stant  vibratory  motion,  moving  practtcalty 
through  the  whole  substance  of  the  cell,  and  hence  the  mistake  some- 
times inaile  of  suggesting  cultures  to  isolate  this  organism  is  not  to  be 
wondered  at.  We  remember  one  physician  who  was  confident  that 
these  were  tj-phoid  bacilli  within  the  cells.  Others  si>eak  of  them  as 
"  splits"  in  the  cell. 

Another  ci>mmon  degeneration  presents  the  appearance  of  a  small 
cell  on  top  of  a  larger  and  jtaler  one,  since  the  latter  j)rcscnts  a  datic 
circular  area,  but  focussing  shows  them  hi  the  same  plane  (see  Fig.  03- 
e.  h.  g).  .Vs  a  rule,  this  is  an  illustration  of  Ehrlich's  hremoglobin- 
xmic  ilegencration.  areas  of  condensed  protoplasm,  hxirx^lobin  sepa- 
rateil  from  stroma :  allhotigh  superimposed  cells  do  occur.  Another 
example  of  this  ilegencration  is  in  .xstivo-antumnal  malaria:  cells  are 
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Frc-^.— Ffesh  blood,  u,  evils  Hilh  MnriiicliAMo's  trmloAliabiilnr  di'terK-riiliuii^ ;  A,  ri-ll  rDiiTJiinJns  a 
BnnilAT  hcKly,  f mm  a  fnse ol  mtasl^n;  t,  tht  hni^illu^ljkif  i1i'-::piii.'r.iTiuii;  il.a  Mnrai^liiiini  dt-Kciivr:itioii 
"  prftfrti  oj  ^xiru.siQn:  -'.  a  lorm  nf  "  h.unii>.i;l»liiii  ik'j:;i-Mi'r;ilioii"  irivrii^  a  djirk  ^irca;  /,  likf  ci ;  ^'^ 
^'^''^  *,  a  de^nprntioiJ  likir  /  Iml  almost  ir^je  fnmi  i-ell ;  i,  a  p>4L'U<lo  "  *,eEmciuitii;  imunile":  *, 
an  "Aimrboid"  Tiiicroc>le;  /,  ;fHtJvu-auiiirTiTi:il  1iy;i]jii<.'  iii[il;iija1  parasites;  m,  a  full-L^ru\vii  ii'slivo' 
'ulBiiiniii  pqmsJU,  and,  n,  a  seKineiiler.  hiiTh  I'oimd  m  ihe  T'^ri|*l"-ral  Mo-id  ;  i'.  sjiinc  as  /;  /,  mai-To- 
P^iJtFlrTini  a  ca><«  of  pernicious  malaria  filled  willi  TniilarJ:i  ^Kim^it'.-s-  <)u]. 
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'      xtn  in  wliidi  tlii'  ]ia*tiio);lubin  sccnis  lu  be  gailicred  hi  a  mass  around 
the  |>3ra!iile  isee  Plate  V,  o).     This  is  also  seen  in  miclcaleil  red  cells 
«liich  have  the  apiicnrnnce  of  a  inicroblast  lying  on  a  niacrocyte.     It  is 
'■/ten  best  seen  in  staineil  spcciiitcns.     lin^ei  einpliasizes  this  appear- 
iince  in  the  embryo  of  the  immse.    He  thinks  it  intlicAtesi  that  the  proto- 
plasm chiMers  around  the  nucleus  and  separates  as  a  small  coll,  leaving 
a  large  non-nncleatcd  macrncyte.  on  the  surface  of  which  may  some- 
times be  seen  traces,  irreiridarilies.  of  the  spot  which  the  cell  left.     But 
Engcl  expressly  states  that   this  method   of  cell-funnation  docs  not 
ciceur  in  the  latter  half  of  prcjcnancy  nor  after  birth.     (The  view  that 
this  nucleus  wiih  protoplasm  forms  a  lymphocyte  may  be  merely  men- 
tioned.)    This  di^enerniton  may  explain  some  of  the  "acidophilic 
gTranuks"  of  tlie  red  cells  which  have  lieen  descritwd.    'Hiis  dcgenera- 
ticnm  is  best  seen  in  certain  cases  of  pernicious  an-tmia. 

The  grannies  stndied  by  Vanghan  "  arc  to  be  observed  in  the  fresh 
blcxxl.    Tile  skin  of  the  finger  is  well  cleaned  with  alcohol  and  ether. 
a.Ti(|  on  it  is  placed  a  drop  of  L'nna's  polychrome  methylene  blue.    The 
Stlcin  is  pricked  through  this  drop,  hence  the  blood  comes  in  contact 
fir*t  with  the  stain.     A  drop  of  the  blood  thus  mixed  with  stain  is 
transferred  to  a  slide  and  covered  at  rtnce  with  a  cover-glass.     In  a 
few  minutes  a  few  ceils  arc  seen  to  contain  granules  staining  violet. 
TTitse  granules  are  coarse  or  fine,  sometimes  in  a  line  across  the 
cell,  siimetinies  connected  by  a  filament.    Their  occurrence  is  remark- 
ably cotistanl ;    in  normal  adult  lilood  they  are  present  in  0.5  to  1.8 
l»cr  cent,  of  the  red  cells;  and  in  almost  exactly  this  percentage  of 
ceil*  in  a  grejit  variety  of  diseases  with  little  influence  on  the  blood; 
•n  the  biood  of  new-born,  in  i  to  7  per  cent,  of  the  cells;  in  that  of  a 
'■^us,  two  and  a  quarter  inches  long,  in  J4  per  cent. ;    in  anxmias 
ihty  are  increased,  in  the  primary  pernicious  occurring  in  even   [8.8 
per  cent.;  in  general  their  nunil>er  is  parallel  to  that  of  the  nucleated 
''^1   cells.      Vaughan  gives  good   reasons    for  thinking    that    these 
f ''c  remains  of  the  nucleus ;  they  are  not  artefacts,  and  occur  especially 
**]  nnnnal-looking  cells,  in  the  position  of  the  nucleus,  and  in  con- 
*J'*iciM  in  which  nucleatetl  reds  occur.     He  suggests  them  as  a  more 
••eJicate  sign  of  ana;mia  than  nucleated  reds,  but  of  tlie  same  sig- 
•^^fiance. 

Leucocytes — The  presence  of  a  lenctx-ytosis  and  its  cliaracter  will 

*-**lcn  I>c  suggesteil  by  the  fresh  examination.    The  most  of  the  surface 

*-*»  the  S]»ecimen  slunih!  lie  examined  lieforc  forming  a  definite  opinion 

'"^^  tlieir  mmiber.  since  the  distribution  of  ilicse  cells  varies  somewhat. 

•^-specialh-  is  this  true  of  the  so-called  "  stroked"  specimens  made  by 

*l<"awing  the  <\rrtp  along  the  slide  hy  another  slide,  a  spreader,  or  a  piece 


Of 


paper. 
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TTi«  I«iicocytes  will  be  I'oiind  as  colorless,  nucleated,  amoeboid  i 
immobile  cells,  which  do  not  iloal  in  the  current. 

Lymphocyies. — These  arc  in  size  cquiil  to,  larfier,  or  smaller  th: 
a  red  blood-cell;  the  nucleus  i^  relatively  large,  round  as  a  rv 
although  sometimes  deeply  notched,  and  central  in  position;  the  pr 
toplasju  is  scanty,  sometimes  hardly  seen,  iti  other  cases  presenting 
ragged  edge  around  the  nucleus,  and  may  appear  sornewliai  graniila 
on  the  cold  glass  these  cells  of  normal  blood  are  not  seen  to  nio\ 
Nonually  lhe>'  make  up  from  22  to  25  per  cent,  of  the  leucocyti 
On  a  warm  stage  those  in  lymphatic  Icutcarmia  especially  arc  said 
be  amccboid. 

Large  Mononuclears. — These  when  typical  are  two  or  ihr 
times  the  size  of  a  red  blood-ccU.  The  nucleus  is  often  round,  b 
more  often  oval  in  shape  and  eccentric  in  position.  The  protoplaj 
is  very  abumlant  and  is  clear.  Although  these  cells  appear  no 
amoeboid,  yet  it  is  interesting  that  in  malaria  they  arc  the  domina 
phagocytes.     They  arc  about  i  per  ceiu.  of  the  total  number. 

The  "transitional  cells"  of  Ehrlich  seem  to  be  old  (onns 
the  large  mononudears.  They  are  the  largest  of  alt  cells.  T 
nucleus  is  pale  and  often  deeply  notched,  giving  it  the  so-call 
"  saddle-bag"  or  the  wallct-shape.  Tlic  protoplasm  is  abundant.  In  soi 
cells  may  be  seen  a  few  granules  in  the  proximity  of  the  nucleus.  Tin 
constitute  from  1  to  3  per  cent,  of  the  leucocytes. 

Polymorphonuclear  Cells. — The  finely  granular  cells  of  M- 
S<hnllci'  constitute  from  70  to  72  per  ccnL  of  the  toiaJ  ntnuber.  Tli 
are  from  10  to  15  microns  in  (hameter,  the  size  depending  chiefly  up 
the  extent  to  which  the  spherical  cell  is  flaiieiied  out  against  the  gla> 
the  proti^plaMii  is  clear  ami  fillc<l  with  fine  granules  of  a  dnst-h 
character;  the  nucleus  has  the  shape  cither  of  a  bent  rod,  a  ski 
of  fibres,  or.  as  a  rule,  there  seem  to  be  several  masses  of  chromai 
matter,  hence  the  old  name  polynuclear  cells.  These  when  ih 
leave  the  blood-vessels  are  llie  ordinary  pus-cell  and  arc  the  greati 
phagocj'tes  of  the  body. 

The  coarst-ly  t^riuutlar  ct'tts  of  Max  ScbuUse  (eosinoplules)  a 
usually  a  trifle  smaller  than  the  preceding.  The  nucleus  is  usua 
more  regular,  but  this  feature  is  not  constant:  the  protoplasm 
filled  with  coarse,  blackish,  very  refractive  granules  of  quite  unifoi 
size  and  shape,  being  round  or  slightly  oval  and  about  1  micron 
diameter.  These  are  the  most  amcrboid  cells  of  the  blood,  and  ina 
up  from  2  to  4  per  cent,  of  the  leucocvie  count. 

The  MastzcUctt  in  ih^  fresh  specimen  resemble  the  finely  grantii 
cells.  Tliey  cannot  with  any  certainty  be  rec<^Tiixed.  and  yet  n 
often  be  suspected.  The  granules  arc  more  irregular  in  size,  sot 
quite  as  large  as  of  the  coarsely  granular  cells,  and  do  not  fill  the  pt 
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Kplasni  quite  s<»  coni[)k'tely ;    ihc  nucleus  is  often  trilobed.     These 
cells  .ire  present  in  the  iiorinal  blood  to  llie  extent  of  irom  0.5  to  i 
/wcenl.  iii  tlie  tola!  number- 
In  various  bluud  specimens  tlie  size  of  tlie  leucocytes  will  seem  to 
rnry  consideralily.     Thh  ileiieiuls  upon  the  thinness  of  the  smear, 
aiw]  Iience  iJie  extent  to  which  the  leucocytes  have  llattened  out.     In 
tiie  ilikk  i)arts  of  the  smear  they  will  appear  small,  since  spherical; 
in  the  thinner  parts  large,  since  tiat. 

PiaMF-NTKD  LEUcocVTES  Containing  blood  pigment  arc  best  studied 
in  the  fredi  or  air-dried  specimens.  This  pigment  may  lie  melanin. 
Iil.ickisli  Or  bri>wnish  granules  in  which  no  iron  can  be  demon- 
strated, iornic<l  within  the  malari.-il  parasite,  and  when  set  free  picked 
up  by  the  Icuaicjlcs.  These  arc  very  imix^riant  in  the  diagnosis  of 
malaria.  Similar  granules  are  seen  in  the  leucocytes  in  cases  of 
tnelanosarcom:t  and  then  in<licatc  a  generalization  of  the  tumor. 

HaMTKisidcrin  pigment  occurs  rarely  in  the  leucocytes  in  cases  with 
mpid  blood  <Iestruction  as  ochre  granules.  Tlie  iron  may  be  <lemon- 
siralcd  by  treating  the  smear  first  with  2  per  cent,  potassium  ferro- 
cyanidc.  then  with  0.5  per  cent,  hydrochloric  acid.  The  specimen  is 
mounted  in  glycerin.    Hie  granules  become  blue  in  color, 

HiiUer'a  Blood>Dusi. — Ulutsiiiuhchcn.  or  llxmnkcmicn  granules. 
Muller  called  attention  a  short  time  ago  to  the  presence  in  the  normal 
_  UcoJ  of  very  fine  granules  whicli  danced  actively  Iwtween  the  cor- 
l^  piiKles.  Finding  a  large  nunilwr  of  ihein  in  a  case  of  Addison's 
^k  (iikase  he  sup]>osed  they  bore  some  relation  to  that  malady,  but  later 
I^F  "Itcided  that  they  were  present  in  all  bloods,  although  in  very  varying 


inwuiu.  They  are  descrilwd  as  small  round  colorless  granules,  which 
iirj  nmsiderabty  in  size,  some  one  micron  in  diameter,  but  for  the 
i»o(t  part  very  fine  and  dvisi-like.  The  larger  ones  resemble  micro- 
cwci.  They  are  best  seen  by  gas-light.  Their  nature  Miiller  couUl 
f'tiletemiinc.  Inn  since  they  did  not  give  the  osmic  acid  test  he  said 
te'  were  no*  fat.  although  they  resemble*!  it.  and  as  ihey  were  not 
dorcfl  by  acetic  .icitl  he  decided  ihey  were  not  of  albuminous  nature. 
Tlicj'  were  further  studied  by  Stokes  and  VVegefarth.'  who  de- 
ci'Ittl  ilut  tliey  were  the  extru<led  granules  of  Icnc<w>les.  The  reason 
fw  (Ihs  opinion  is  that  they  resemble  these  granules  in  si:re.  in  man 
bring  both  coarse  and  fine.  GockI  additional  evidence  is  furn)slie<l  by 
cwparaiivc  anatrmiy.  esjiecially  the  horse  and  rabbit,  which  animals 
*>*»«  IKCuliar  granulations  in  ihe  leucocytes  and  similar  hlooil-dust 
Rnnules;  they  can  he  seen  to  escape  from  the  leucocytes  if  certain  rea- 
Roit*  are  added  to  the  bl()o<I :  and.  lastly,  the  larger  ones  t.ike  an  eosin 
'ttiii  In  the  stained  specimen  the  free  granules  are  easily  seen.  Their 
nUtwa  to  imnninity.  which  point  particularly  interested  these  writers, 
'Johni  Hopktn*  Ho4p.  Bull..  December,  1897. 
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does  not  concern  us,  but  from  tlie  study  of  fresh  and  dried  blood 
the  origin  they  suggest  seems  very  probable  for  a  certain  miniberat 
least  of  these  granules.  It  is  probably  these  which  have  been  described 
as  spores  of  certain  parasites  in  the  blood. 

The  fat  of  the  blood  is  e\'ident  in  the  fresh  specimens  as  exceedingly 
fine  dust-like  granules  which  would  escape  observation  if  they  wert 

not  carefully  looked  for.  These 
granules  form  a  perfect  cloud  in  the 
plasma  in  cases  of  hpiemia. 

The  platelets  are  seen  either 
singly  or  in  large  masses,  rr  as 
masses  of  granules  in  the  periphery 
of  which  are  vacuole-like  areas  con- 
taining a  watery  fluid,  the  so- 
called  "  granular  masses  of  Max 
Scbultze."  To  one  point  we  ivould 
call  especial  attention.  In  the  fresh 
"  blood  specimen  all  platelets  mD 
stick  to  the  glass  or  to  the  cor- 
puscles, and  any  floating  fragnwit 
of  protoplasm  is  certainly  not  a 
platelet,  however  much  it  may  r^ 
semble  it.     (See  page  505.) 

The  fresh  specimens  are  the 
best  in  which  to  study  the  large 
macrophages,  enclosing  malarial 
parasites,  re<i  cells,  and  cells  cmi- 
tainiiig  ]>arasites  in  malaria,  and 
vcrv  many  red  cells  in  lyiibi'id 
fi'\er.  These  cells  are  very  [nxirly 
jirescrved  in  stained  s|)cciiiiens. 
(See  Fig.  93.  />.) 

In      pregnancy       placental  celli 

(svncvtium)         "  are       commonly 

„,    ,  filiind"     (\'eit)     in    the    nintlier's 

liShtislheonlin.nry  fmmol  pi|*>Uf  ("f  rtilcclls;    bloO<i,    perha])S    MUlg    SWCpI   <'n  HI 

Ihrallirr  is.l  kucMM.- r.JIJtllc Willi  improve,!  in:iik-     jl^,   IjloiKl-Clirreilt. 

ingsanii  poiiil,  [1.   'Iln- ruk-il  coutninu  th.itnl.ci  is  '  i        i  1    k- 

shown  on  eii-L>  niiri  1.1.  e  viw.   A,  lilt  sii.i,;:  H,  I  he    fibrin  net -work    sliinild   oc 

E.^hv«v«.gt/,''''"'''''^'" "'''"'" ''''■'''''"''''"   ^""^Ci]    for.      The    fihrin    strands 

arc  often  seen  radiatinj:  I'mm 
small  masses  of  ])latclcts.  The  aniount  is  very  large  in  certain  dis- 
eases, as  in  ])neiiniiinia,  acute  articular  rheumatism,  cl  at. 

Counting   the    Red    Corpuscles.^ The   instrument    to   be  recom- 
mended is  the    Thoma-Zeiss   (see  Fig.  94}.  which  we  have  found  I'ni- 
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onnly  goud.  In  this  clinic  w«  have  in  coiisiant  nse  fifty  blooil- 
oiiitlcrs,  and  can  say  that  ihc  Zeiss  goods  never  disriinioinl  us.  We 
lie  irietl  sliglitly  ciie.i|>er  makes,  but  liave  always  liecii  'ibligcd  to 
Bcard  Uiem.  For  httxid-connting  tlie  Iwrst  instnimcnt  is  none  too 
nod. 

The  blood-cotinicr  consists  nf  a  pipette  for  mixing  the  hlnod  to 
ctriain  dtlutiun,  a  counting  chaniltcr  by  means  of  which  a  layer  of 
Down  depth  and  area  is  oljiaineil.  and  a  s|)ecial  cover-glass  to  serve 
ithc  upper  lx»niidary  of  this  layer.  The  pipclte  is  a  graduated  capil- 
in-  lube  (Fig,  94.  A)  opening  into  a  dilatation.  li.  at  the  opjiositc 
lie  of  which  empties  a  second  shorter  glass  tiil>e.  P.  to  which  is 
tachcd  a  rubber  ttihe  with  a  ninnlh-piccc.  This  pipclte  is  so  gradii- 
eil  thai  the  capacity  of  the  rcsciroir  to  a  tine  on  the  shorter  tube. 
iarkc<l  101.  is  exactly  one  hmidred  times  ihe  capacity  of  the  capillary 
ibe  from  its  point  to  a  line  marked  1.  As  a  rule,  the  nnit  on  the 
iiig  lube  is  divi<]cd  into  ten  parts,  an  unnecessary  provision.  Much 
<  \k  preferred  are  those  pipelles  which  have  on  ciiber  side  of  the  0,5 
ij  the  I  marks,  two  smaller  marks,  each  indicating  1/100  the  length 
f  Ihc  tube  (sec  page  457).  The  aid  of  the  long  tube  should  1« 
hlu.'!*,  as  P.  01  leucocyte  pipette,  since  in  ihc  (piick  movements  made 
is  easy  to  brcik  this  point.  !n  the  dilatation  is  a  small  glass  hall.  C, 
liich  aids  much  in  mixing  the  blood  with  the  diluting  fluid.  The 
tpcue  is  to  he  cleaned  by  washing  out  iirst  with  water,  then  with 
(who!,  and  then  with  ether.  .-\ir  is  then  .kicked  through,  not  blown, 
mil  the  bulb  is  visibly  clean  and  on  rolling  the  lulw  the  glass  ball 
Jls  freely  within  it. 

The  mi-KTiNG  Fi.t;iDS  used  are  several  in  number.  The  one  com- 
lonly  Hscd  is  Toisson's.  the  composition  of  which  is 

Water  (disiilled) .  160  cc: 

Glycerin  (ncniral),  .V)  cc; 

Sodium  ii.)l|)halp,  8  titin, : 

Sodium  chloride,  i  gm. ; 

Meihyi  violet.  0i02$  urn,,  or  ju«l  enough  to  give  the  HcMrd  tint. 


iayem's  fluid  is  preferred  by  some: 


Diitilird  water,  aoo  cc. ; 
Sodium  chloride.  1  em.; 
Sodiuin  sulphate.  5  g"if-  '• 
Mercuric  chloride,  0.5  gm. 


xliuin  dilnrid*  can  be  used  m  raiher  Mrong  *olutinn  (3  per  cent) :  but  it 
rotMbk  that  Ihe  phjruoloBical  0.6  per  cent,  solution  will  lake  a  cenajti  ntimlKT  of 
pisclei. 

Tlie*e  fluids  musi  always  tic  fresh  .intl  recently  filtrred,  since  yea»t*  certainly 
grow  in  thotc  nni  coniaining  an  anliitcpiic  sail,  and  these  yeasts  repeatedly 
I  lo  error. 
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The  COUNTING  CHAMIIF.R  consists  of  a  heavy  glass  slide.  A, 
which  is  cciiicmcd  a  thick  glass  rinK.  B.  llic  surface  <if  which  is  beai 
fully  ]H>lisheiJ,  This  ring  surrounds  a  circular  tal>k*  of  glass.  D. 
height  of  whidi  is  just  0.1  nmi.  less  than  thai  of  the  surrounfliiig  ri 
and  ujion  tliis  is  the  ruled  area.  Between  this  glass  tahle  and  the  in 
edge  of  the  ring  is  a  small  ditch.  C.  to  catch  the  drop  which  may  run 
from  tlic  table  and  prevent  its  running  up  between  the  ring  and 
cover-glass  on  the  other  side  of  the  ditch.  On  the  central  glass  ti 
cross  at  right  angles  iwenly-onc  parallel  lines  {see  Fig.  <)$).  equi 
tanl,  and  between  the  extremes  of  which  is  exactly  I  mm.  Hence 
have  an  area  of  one  s(]uarc  niillinieirc  divided  into  four  hundred  sr 
equal  squares.  Through  each  fifth  njw  of  squares  is  ruled  an  « 
line.  'liiis  extra  line  is  not  a  boundary,  hut  merely  aids  the  ol>ser 
to  keep  his  position  in  the  ruled  area.  Indicated,  not  liounded, 
these  extra  lines,  the  square  millinictre  is  divided  into  sixteen  a 
of  twenty-five  small  squares  each.  H 

tn  choosing  a  blood -counter  Ihe  lines  %houl<l  be  carefully  itudied,  linoe 
tMin  makers  have  piti  on  tlic  market  very  imperfccily  niM  slide*.  Tliey  th 
lint  be  examined  dry.  ti>  make  ivire  that  llic  lines  arc  comiilete,  and  then  cor 
with  a  dr©|)  o(  water  that  their  *harpncM  may  be  determined;  for  we  i 
teen  line*  which  appear  vet}-  distinct  on  a  dry  itide  practically  diKappejir  n 
a  (liop  of  water  covered  them,  since  the  distinctness  of  the  line  wlicii  eov 
with  w;iicr  de|>end»  not  on  id  depth  and  width,  hut  on  the  tJiarpnei*  of  the  « 
If  iWii  little  point  is  borne  in  mind,  there  uill  be  much  less  diMstisfaction 
blood -counter* 

Before  use  this  coiuiting  cell  sliould  be  well  washed  with  wi 
and  carefully  wiiwd.  care  Ijeiiig  taken  iliat  ii'i  lint  be  left  on  the  surl 
of  the  glass  ring.  Alcohol  and  ether  should  never  he  usctl.  since 
centre  glass  table  is  cemented  to  the  slide  and  is  easily  loosened 
these  rcageius. 

The  tovKK-uLASS  is  a  heavy  one  with  planed  surface,  made  | 
ticularly  for  this  use.  Ordinary  co\'er-glasses  can  never  he  used. 
they  are  nf  uneven  surface:  they  are  also  cut  from  a  sheet  of  g 
often  not  well  llattened.  and  hence  will  not  lie  parallel  lo  the  surl 
of  the  glass  table:  and  lastly,  they  are  so  thin  that  the  capillaritj 
the  drop  will  bend  them  down  slightly. 

Dii.ini.\a  THii  Blood. — After  the  ear,  for  example,  has  li 
pricke<l  aiul  the  blood  flows  freely,  a  Urge  drop  is  allowed  to  coll 
which  it  should  do  rapidly,  .and  is  drawn  into  t|je  pipette  to  tlie  rr 
0.5  or  1  according  to  Ilie  nature  of  the  blood.  Kor  normal  1>1 
it  should  be  drawn  only  to  the  point  0.5.  in  an:emic  persons  to 
(joint  I .  Before  drawing  in  the  blood  the  instrument  shouM  be  tei 
to  make  sure  that  Ihere  is  no  obstrudion  in  the  tube.  The  bloo 
rapidly  drawn  exactly  to  the  line  desired.  This  will  re<iuirc  consj« 
able  expcriCTice.     If  drawn  too  far  the  column  tii;iy  he  shaken  At 
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bluoil  as  it  eiucTS,  ami  liwite  a  layer  .if  jmre  I)I<xk1  tlocs  not 
tlic  surface  of  the  lUii<l  ami  pass  iiuo  the  small  tube  undihitc 
in  this  way  can  best  be  avoided  tlic  bubble  of  air  which  ofiei 
to  ihe  inside  oi  the  Imlb.  The  lluid  is  asptraletl  nntil  the  i 
reaches  the  mark  loi.  It  is  not  so  necessary  to  accuratcl; 
this  mark,  since  a  difference  of  i  mm.  in  the  case  of  the 
nient  now  ljcf<ir«  us  woiilrl  mean  a  negligible  error  of  on 
jMjr  ceni.  The  pipette  i*  now  withdrawn  from  the  (hinting  ll 
ihitnib  p!ace<l  over  its  point,  and  then  the  tipper  end  closed 
firsr  (ingcr.  The  rubber  tulic  may  l)e  removcil  or  not  as  the 
desires.  TIic  pijictte  is  Ilieii  vijiorously  shaken  ii>r  ai  le 
niimite.  It  is  to  be  shaken  in  all  axes  except  perhaps  <lirect1] 
long  axis  ni  the  tube,  which  would  allow  a  small  number  of  «» 


to  be  shaken  into  ilie  cokimn  of  lUiid  in  the  capillary-  tiilie,  W 
course,  contains  no  blood.  Then  al  once  two  or  three  dr 
blown  out  in  onler  to  remove  that  cohinm  of  Hnid  whidi 
entered  into  ihc  mixture.  It  is  well  now  to  let  the  pipette  ■ 
.iIhhu  ten  initiutcs  in  order  that  ihe  leucocytes  iii.iy  Iwcome  sta 
the  methyl  violet  of  the  Toisson's  flui<l.  When,  however,  th^ 
is  pickeil  up  again,  llic  shaking  ^dundil  he  repeate<I  as  vigorj 
bef<ire.  If  the  blood  i>  not  to  lie  counted  at  <>nce.  the  pipette 
sealed  by  stretcbiTig  a  rnhK-r  hand  over  its  ends.  At  the,' 
several  days  it  may  be  shaken  again  after  the  fluid  in  the  kmgi 
tiilje  has  b«ni  first  blown  out.  j 

Filling  the  Cell. — After  shaking  again  ami  bIow*ing  out. 
three  ilmps.  ;i  small  drnji.  the  sii^e  •>(  which  can  he  learned' 
practice,  is  blown  out  upon  the  ruled  table  aurl  then  covered! 


THE  BLOOD;   COUNTING 


4A» 


I      cov 


Cover-glass,  The  drop  shuuld  not  Iw  S"  large  .is  to  nm  down 
:  (litcli  ai  any  point,  and  slionld  be  large  enough  to  almost 
cover  ihc  glass  table.  A  large  drop  whkb  nnis  into  tlie  ditch  or  too 
mall  a  drop  which  merely  covers  the  ruled  surface  will  in  either  case 
'"tntrtnlutc  a  certain  error.  The  cover -glass  should  Iw  put  in  [Kisition 
at  once.  The  besl  way  to  tlo  this  is.  wc  think,  to  grasp  it  by  two 
diagonal  corners,  to  place  a  third  corner  against  the  shde  with  the 
e<lge  of  the  glass  ring  as  a  fnlcnmi.  and  to  bold  it  in  that  position 
by  n  finger  of  the  other  hand.  It  is  thus  held  up  away  from  the 
drop  by  the  edge  of  the  glass  ring  as  a  fnlcnmi.  By  now  raising 
the  finger  the  cover  is  roialed  onto  the  drop  rapidly,  and  also  in  such 
a  way  that  no  air-bubble  is  left,  which  so  connnonly  occurs  if  the  cover 

|t»e  iiKTcly  (Irttpped  <jn. 
Tlie  next  step  i.s  to  determine  whether  between  the  cover-glass 
■trul  the  glass  ring  is  any  dtist  or  dirt,  which,  of  course,  increases  the 
|tliicknes5  of  the  layer  of  diluted  blood.  This  is  done  by  holding  the 
slide  almost  on  a  level  with  the  face  and  toward  a  window,  and  in 
\ucli  3  [losition  that  the  light  is  totally  reflected  from  the  surface  of 
llie  ciiver-gla.ss,      If  the  cover  and   slide  are  in  good  apposition,   a 

t  beautiful  hand  of  colors  should  cover  the  surface  of  the  glass  ring, 
due  to  the  phenomenon  of  interference  of  light  so  beautifully  seen  in 
iuperimiiose<i  layers  of  thin  glass.     Should  these  colors  not  lie  there 
the  cover-glass  may  be  touched  by  some  instrument,  but  not  by  the 
fXMMof  a  pencil  which  leaves  a  small  amount  of  carlx>n  on  the  glass. 
This  may  bring  out  the  color  banrls.  and  if  they  remain  llie  specimen 
K  satisfactory.     If.  however,  around  the  point  of  pressure  appear  the 
wocentric  Newton's  rings,  and  these  disappear  when  the  pressure  is 
■  reniwed.  this  slide  should  Itc  cleaned  up  and  another  trial  made.    Ccr- 
H  tain  workers  seem  to  think  dial  it  makes  but  little  <lilTerence  if  (his 
^P  phenomenon  of  light  interference  is  not  present.     We  consider  it  a 
tw)-  important  point  in  the  techni(]uc.     \Vhen  not  present  it  usually 
M    ffijuires  considerable  pressure  to  bring  mil  five  concentric  rings,  and 
H^  ice  know  that  at  the  fifth  ring  the  space  between  the  cover-glass 
^■Mdthe  table  is  1.4  microns,  which  is  the  thickness  of  one  coq)uscle. 
^■vwr  the  rest  of  the  surface,  therefore,  this  distance  must  Ije  con- 
siderable.   Another  method  of  getting  the  necessary  contact  is  to  allow 
i  drop  of  the  fluid  to  nm  under  the  e<lBe  of  the  over,  and  then  squeeze 
^viih  the  fingers  the  cover  bard  down  on  ihe  slide  (note  the  Haycm 
Hinethod).    Dr.  Cabot  says  that  some  put  four  small  drops  of  the  fluid, 
one  for  each  corner  of  the  cover,  on  the  slide  liefore  the  cover  is 
put  on. 

This  phenomenon  of  light  interference  is  to  many  a  great  bugf)ear. 
It  should  not  be  so.    We  fin<!  it  is  very  easy  or  very  difficult  to  obtain 
•In  the  ca.se  of  a  well-made  counting  chamber  it  is  so  easy  that  one 
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attempt  usually  is  sul^cietu.  and  from  the  clean  appearance  of  H 
slide  before  the  cover  is  put  on  one  can  predict  whether  or  not  il 
bands  will  appear.  W'c  have  bought,  on  the  other  hand,  countii 
chambers  with  whtcl)  the  bands  could  almost  never  be  obtained.  ! 
handling  the  glass  slide  it  should  be  kept  as  horizontal  as  posabi 
since  a  slight  tilting  may  allow  the  cover-glass  to  slide  off.  If  t 
cover  be  .sealed  by  the  fluid  this  will  not  happen.  The  counting  chat 
ber  should  now  l)e  allowed  to  rest  for  from  three  to  five  minutes  th 
the  corpuscles  may  settle  down  onto  the  surface  of  the  glass,  and  hen 
render  much  easier  the  counting  than  if  considerable  fomssing 
necessary  in  order  to  sec  them  all. 

It  will  be  seen  that  at  certain  points  of  the  technique  the  moi 
ments  must  he  very  rapid,  and  it  is  no  exaggeration  to  say  tl 
greater  mistakes  arc  sometimes  made  by  too  careful  than  by  too  qui 
work,  since  in  trying  to  avoid  slight  errors  greater  ones  are  co 
mittcd.  The  points  of  greatest  importance  are.  the  rapid  filling  of  i 
pipette,  and  the  rapid  dilution  with  the  tluid;  if  considerable  time 
spent  doing  this,  on  the  slide  later  will  be  found  groups  of  corpusc 
not  broken  up  by  the  shaking;  the  shaking  must  tw  tliorough,  s 
the  drop  of  blood  blown  onto  the  counting  chamber  must  be  blo%vn  c 
at  once  after  the  shaking,  and  from  the  fluid  in  the  interior  of  t 
bulb,  not  that  from  the  capillary  tube;  lastly,  the  least  possible  tii 
should  elapse  in  pulling  the  drop  on  the  ruled  table  and  covering 
with  the  cover-glass.  It  is  interesting  to  note  that  witli  the  two  insti 
ments  uscfJ  by  the  French — the  Hayein  and  the  Malassey — arc  inti 
duced  two  errors  which  we  constantly  tr>'  to  avoid  with  itie  ThoiT 
Zeiss.  Hayem  recommends  that  an  extra  drop  of  the  WixkI  be  allow 
to  nm  between  the  cover -glass  and  the  table  in  order  to  sea!  the  s|>e 
men  against  evaporation.  Should  a  drop  of  the  fluid  in  the  case 
the  Thoma-Zeiss  nm  from  the  ditch  up  between  the  glass  ring  and  t 
slide,  we  would  insist  that  the  slide  be  cleaned  up  and  the  work  do 
over  again,  yet  others  do  not  agree  to  this  point,  and  think  that  thus 
the  light  phenomenon  more  easily  obtained.  In  the  Malassey  insti 
mein  is  a  mechanical  contrivance  for  holding  the  cover-glass  at  a  d 
lance  of  o.i  or  0.2  mm.  as  may  be  desired. 

The  student  should  learn  that  it  takes  less  time  to  clean  tip  I 
counting  chamber  or  his  pipette  and  l»cgin  anew  than  by  the  lot 
counting  of  extra  fields  trying  to  counteract  some  error  which  he  is  co 
sciotis  to  have  made.  U  the  worker  has  t%vo  slides  the  two  can 
used  very  conveniently,  the  one  settling  while  the  other  is  bdi 
counted. 

The  next  point  is  of  great  importance.  Before  coimting  a  sinf 
cell  the  whole  of  the  surface  covered  by  the  blood,  even  to  the  ed, 
of  tlic  table  far  away  from  the  ruled  area,  should  be  careftdly  cxar 
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with  the  low  power,  to  make  sure  that  the  distribution  of  cells  is  even. 
If  this  is  not  the  case,  no  matter  how  even  it  may  appear  over  tlie 
ruled  area,  the  slide  should  be  cleaned  up  and  another  preparation 
made. 

Counting  the  Cells. — The  power  to  be  used  in  the  case  of  the  Leitz 
rnicroscope  is,  for  beginners,  the  6  objective  and  the  I.  ociiiar.  The 
Cover-glass  is  usually  too  thick  to  allow  of  the  use  of  a  No.  III.  ocular. 
Xjter  on  the  student  may  be  able  to  use  a  3  objective  and  a  III.  ocular. 
-A  mechanical  stage  is  often  of  use,  and  yet  it  is  better  tu  train  the 
fingers  to  do  that  work. 

The  unit  of  the  ruled  surface  (see  Fig.  95)  to  be  used  is  a  matter 
of  individual  preference.  Cabot  recommends  a  unit  of  thirty-six  smalt 
Squares,  D;  that  is,  a  unit  the  four  sides  of  which  are  rows  of  sijuares 
through  each  of  which  passes  one  of  the  extra  lines.  Simon  prefers  a 
unit  of  the  sixteen  squares,  B.  through  none  of  which  the  extra  line 
passes.  Sahli  recommends  a  unit  of  four  squares,  A,  four  of  which 
units  make  up  the  unit  recommended  by  Simon.  We  prefer  a  unit 
of  twenty-five  squares,  C,  on  two  sides  of  which  are  rows  with  the 
extra  line.  The  reason  we  prefer  tliis  is  that  it  is  to  this  unit  that 
the  slide  is  ruled,  and  the  calculation  of  the  corpuscles  is  easier  than 
with  any  of  the  others,  with  the  exception  of  the  SahH,  and  also  that 
there  is  no  danger,  in  case  we  count  several  units  on  one  slide,  of 
counting  any  corpuscles  twice,  as  in  the  case  of  the  unit  recommended 
by  Dr.  Cabot.  We  count  usually  the  four  corner  units,  uf  twenty-five 
small  squares  each,  of  one  sHde.  and  then  clean  up  and  in  a  new  drop 
count  the  same.  In  this  way  we  have  counted  tlie  cells  over  one-half 
of  a  square  millimetre.  The  other  workers  reco:nmend  a  niucli  larger 
number  than  this  and  all  state  that  it  were  better  to  count  four 
hundred  small  squares.  In  counting,  ceils  wliicb  touch  the  upper  and 
the  left-hand  lines  are  included  in  the  unit,  while  cells  which  touch  in 
any  way  the  right-hand  or  the  lower  bmindary  lines  are  to  l>e  dis- 
regarded, even  though  all  but  an  edge  lici^  inside  or  outside  the  sf|uare. 
Since  counting  is  usually  made  downward  and  to  the  right,  there  is 
less  danger  of  counting  the  same  cell  twice.  If  the  cell  is  exactly  in 
the  comer  it  will  be  necessar\-  to  rcmeini)er  whether  that  particular 
one  has  been  counted  once  or  not.  The  Iwginncr  should  pay  no 
attention  to  leucocjles,  counting  them  a=  if  ibcy  were  red  M'^^'l-cell^. 
The  reason  for  this  is  that  in  nurmal  bloo'l  in  eight  units  the  jjr'ih- 
ability  is  that  but  two  leucKvie^  will  I^e  seen,  an  crr'^r  'if  tr;l  n.uH 
per  cent.,  which  is,  of  course,  neeligihk-.  It  1=  ci-ily  w-r-n  that  ■■:  vtv 
high  !eucoc>tosis  will  introduce  en^rugh  •■{  an  err'.r  "•  v.--M':  v.  •.•:■.]■■  t  . 
strain  the  ej'es  to  tell  which  are  Icuf'<:y:e-  an-:  v. ',;'■,  ::r<:  r.  •!,  t  r 
although  the  methyl  violet  will  'tain  the  '.f.".r',r.yu-_i:  f;.;-'-,  ■■<-".  ;■  ■■  " 
also  stain  a  deep  violet  a  certain  numfxrr  '.f  tc'.  '■.'.',', '.-rt:'.'.--.  rir:!  f  r 
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beginners  at  leiist  it  is  dinictilt  to  teU  in  many  cases  the  nature  oC 
the  cell,  Ileiicc  ii  is  lictlcr,  in  Icuk.-cmi.-i  for  instance,  to  cinint  aV 
leucocytes  wiib  ilie  reds.  iIk'ii  thi.*  Icucucytcs  with  acetic  ucid,  and  ih* 
difference  will  be  the  red  cells. 

If  the  diUtting  llnid  used  lie  frcsli  or  recently  filtered  cvcrytliin  j 
seen  may  be  couiucd  as  a  cell.  If  spores  are  present  tliej'  will  apite^M 
like  small  mononuclears,  and  ridiculous  counts  due  to  tins  fact  ar' 
sometimes  reported.  Many  of  the  corpuscles  will  appear  distorted:: 
and  in  surne  an;cinias  very  small  cells  are  easily  overlokikei!.  Tlie^ 
should  all.  however,  be  counted,  since  if  tlie  technique  is  good  an- 
the  lliiids  clean  only  bkiod-cdls  will  l»c  seen.  The  high  color  indc:: 
(jf  pernicious  an.i:mia  has  perhaps  with  reason  lieen  attribtitetl  to  th' 
fact  that  microcytes  are  overlooked. 

The  students  will  thus  count  eight  unit  sqiures  each  of  twenty-fiv« 
small  s(|uarcs,  and  tlic  sum  of  these  cells  will  \k  the  nuniltcr  ovc 
14  sq,  mm.  This  in  normal  blooil  will  Iw  about  1250  cells.  Thit 
multiplied  by  2  gives  the  niiniber  of  cells  in  I  sq.  mm.  of  a  layer  o' 
bk>od  0.1  nun.  thick;  this  nuilliplicd  by  10  will  give  the  nnnilkr  ol 
cells  in  a  cubic  millimetre  of  the  diluted  blood,  and  this  multiplied  bj 
joo  fprovidiiig  the  blouil  was  drawn  to  the  0.5  point),  the  imml»CT 
of  cells  in  a  cubic  nitllinietrc  of  the  undiluteil  blood,  the  desired  figure. 
In  case,  however,  that  any  other  imits  are  used  it  takes  longer  to 
ciilcuhite  the  count,  except  in  die  case  i>f  the  Sahli  unit,  wbicli  is  easy 
since  his  is  i/ioo  of  the  area  of  the  square. 

The  difference  iK-tween  the  extremes  of  these  eight  figures,  oadi 
the  number  of  cells  in  a  unit  of  twenty-five  small  squares,  we  do  not 
allow  in  the  work  nf  beginners  to  be  over  twenty-five  cells.  Tin 
reason  for  this  is  as  follows:  With  good  technique  the  distribution 
of  the  cells  will  be  siich  that  the  extremes  of  these  eight  figures  will 
easily  fall  within  that  limit.  If  they  do  not,  it  is  easier  to  clean  «p 
nud  begin  over,  than  liy  counting  more  units,  trying  to  offset  the  errtM 
of  |H>or  distribution;  if  they  do,  then  it  is  a  waste'of  time  to  count 
any  more  units.  Hence  by  goo<i  technique  at  the  first  considerable 
weary  counting  is  avoided.  If  one's  technique  is  so  good  that  he 
can  always  conform  to  ibis  rule,  then  later  lie  can  safely  reixirt  a 
blood-count  counting  i"ndy  fitur  units  or  even  only  one.  He  uiaj 
safely  do  this  in  his  private  practice.  In  the  work  of  the  clinic,  how- 
ever, we  do  not  .accept  such  counts,  although  we  are  confident  thai 
they  would  l>e  more  accurate  than  the  counts  of  one  who  has  not  by 
actual  experiment  learned  his  error  ami  by  practice  corrected  it.  or  of 
one  who  thinks  it  possible  by  counting  sixteen  units  to  offset  known 
errors  in  technique. 
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Out  rule  for  irainii^  ilic  tlnril-jrcar  men  is  us  foMow?;  Tlity  are  lo  a-.<:  llib 
ntlhod  unlil  Ihey  consider  ihcm^cKcs  fairly  prolivicm.  Tltry  then  vount  the 
Mixxl  oi  oiie  ease,  uiually  iheir  uwii,  daily  ai  ihi-  lame  hour  on  eacli  day  unlil 
tht  diffetence  hctwccn  two  xicceisive  liny'  i*  not  ano.ooo  cHls  and  ihe  difference 
t>t("tm  the  hisliett  and  lowest  of  the  eight  imiii  for  each  day  ii  not  over 
iwcnty-five  eclU  <a  good  counter  will  often  liitvc  a  ■iifferencc  of  only  thiiteen  or 
fourteen  cell*).  Two  hundred  thouwnd  celU  means  that  we  permit  a  difference 
of  4  per  cenu  Wc  choose  this  fiKurc  not  liecniisc  4  per  cent,  represent*  (he 
errur  in  counting,  but  to  make  due  allowance  for  daily  variations  which  certainly 
Hcciir,  and  l>ecaiife  if  the  two  couni*  vary  by  no  more  than  this  wc  arc  sure  that 
the  crtoi  doc  lu  counting  alone  is  lew  than  a  per  ccni.  Some  Modenli  attain  ihis 
i|Uidily  We  have  ktiown  of  iludeiiti.  however,  who  mtisl  repeat  thi*  for  from 
wcnty  CO  tliirty,  even  sixty,  lime*  before  their  worlc  wai  saliifactory  to  ilicmsclvei 
or  |i  ll!>.  At  llie  end  iif  lhi'«  lime  iliey  arc  very  ceriain  to  learn  wherein  lies 
lh(  ntor  m  their  lcchni(|Ue.  It  i\  of  inicrcM  that  very  often  it  is  because  [hey 
att  uk>  particular  and  lake  loo  much  tune  in  certain  steps  of  their  work.  If  the 
reidrr  considci  that  11  must  be  an  awkward  man  who  would  lake  ihiriy  days  to 
atljin  this  accuracy,  we  can  only  say  that  tho^e  alone  who  have  tested  their  own 
accuracy  know  how  inaccurate  they  can  he.  and  thai  *ome  of  the  lra<;i  sue- 
ctufiil  are  the  most  surprised  It)  find  11  out.  Our  iiudcnts  are  icMiMn  guiliy  of 
lUfKUtig  "rise*"  or  "falls"  of  loci.noD  cells,  nor  do  llicy  ever  report  a  count 
Ol  4J5a.6co  The  student  who  is  able  lo  confonn  10  thii  rule  ha»  confidence 
In  hii  icchniiine,  a  conlidence  which  is  usually  earned  hy  work.  He  has  dis- 
wvercil  his  error  if  any  ha*  cxitted.  and  has  learned  lo  *ave  hitnscif  considerable 
OT-ittain.  for  we  know  in  clinical  microscopy  of  no  Usk  more  wearisome  than 
lilt  counting  of  a  large  number  of  imilk  Blood -counling  reiiuircs  eoniiderabic 
pfJtiifc  Even  the  Bood  wiirkers  after  a  v.ication  of  a  few  weeks  find  thai  il  is 
nccmary  (o  make  tnaU  once  or  twice  before  they  are  ready  again  for  accurate 
■ork 


After  the  count  is  finislied  tlie  slide  should  be  washed  with  water 
only  and  the  pipette  rinsed  first  with  water,  then  washed  dean  with 
alcohol  two  uT  three  liiiics.  aitd  then  with  elher  twice.  Air  is  then 
Slicked  through  hy  niontli  until  the  glass  hall  rolls  easily.  A  suction- 
pump  will  save  a  fircat  <Ieal  <if  trmible,  Tlif  suidem  nnist  Iw  careful 
to  blow  no  saliva  into  llie  liibe.  If  he  ciraws  in  the  alcohol  licforc 
the  blood  is  entirely  removed,  a  precipitate  will  furin.  This  may  some- 
times he  renioveil  hy  nitric  acid  or  by  filling  the  pi]>eUe  with  pep.'iin- 
bydrfKhloric-acid  mixture  and  leaving  it  in  the  thermostat  overnight, 
case  a  clot  olistructs  the  bore  of  the  pipette,  it  may  be  dislodged 
iriih  a  horse-hair:  we  do  tmi  allow  a  tine  wire  lo  be  used,  for  Ihix 
,*ill  easily  crack  of?  the  end  of  the  tulw. 

A»  to  the  error  inherent  in  blood-counting,  we  can  only  say  the 
workers  have  not  consirlcred  it  possible  to  count  with  less  error 
2  per  cent.,  and  some  arc  satisfied  with  .^  per  cent.  An  error  of 
3  per  cent,  would  mean  that  two  men  counting  with  equal  accuracy 
the  same  normal  blood  at  the  same  time  would  get  results  which  differ 
by  alMHit  1 50.000  cells.  Gond  workers.  Iiowever,  will  often  coine  much 
Inscr  than  this,  and  we  know  of  no  better  way  to  stimulate  students 
to  attain  good  lechnitine  than  by  iu'iisting  that  a  certain  nnniher  of 
lliem.  the  more  the  belter,  shall  each  of  them  with  a  separate  instru- 
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mem  count  indepcntlciilly  tlic  same  blood, 
in  con^i'iembie  extra  praciicc. 

Other  Methods  of  Blood-Counting. — The  method  of  Heyem  hu 
been  ustd  cunsidcrably,  particularly  in  France.  Hayeni's  fluid  (m 
page  405)  is  used  as  dilutant. 

Too  cnim.  of  blood  nte  ni<aturcd  in  a  <niall  c^pill;)!^  tube  whicfa  iniicfc  r- 
sembte«  ilint  of  a  Guwck  lixnioglobicioniclcr,  and  bluwn  iniu  a  muQ  bcito. 
into  whicli  has  alrtady  been  ■ncaHircd  by  a  larger  pipciic  500  tniitt,  of  the  llJjrft 
fluid.  It  a  impossible  to  uaili  out  the  large  pipcilc,  sxtid  lincv  it  i>  found  llial  ituci 
A  cnim.  remain  iu  it.  ilie  blood  i»  considered  diluted  1:^48.  The  blood  it  «tU 
mixed  by  iiii-ui»  u(  a  smull  g\as>  rod-  The  counting  cell  consists  of  «  |Uti 
chnmbcf  siniiliir  in  f>oiiie  ways  to  that  nf  the  Thoma-Zeiss,  but  without  any  ruled 
latitc.  (he  rulings  iMing  projected  by  u  ruled  chamber  which  titi  into  the  luhtUft 
nf  tlie  niirroscope.  The  layer  of  diluted  blood  counted  is  a  cube,  each  iidr  of 
which  is  O.J  mm.,  heiice  a  volume  of  0.006  cmm.  He  rccommendi  that  nov  ■ 
drop  of  Uic  diliiied  biiiod  be  allowed  to  flow  under  the  cover-iclass.  in  oidct  to 
seal  the  specimen.  The  number  of  cells  found  in  this  area  multiplied  b;  uS, 
and  this  by  US.,  »il1  iluii  ei«e  the  number  of  cells  in  1  cnim,  of  unditiiird  blooi 

The  Matassey  instrument  resembles  the  Thoma-Zci.5i>  in  many  way>.  A 
similar  nictaiigeiir  is  used,  and  a  slide  with  a  ruled  taMe.  but  the  covyi-kUu  11 
held  hy  a  mechanism  which  can  be  s.a  adjusted  that  the  layer  of  blood  it  eilbff 
o,.;  or  0.1    mill    thick. 

The  Oliver  Hfeinocytoineter.— Thi.s  very  ingenioui  and  «imp1e  tnitninKTit 
11  Itascd  on  ilic  principle  that  if  blood  be  diluted  by  a  lluid  whicli  prcterres  iht 
ciirpti>clei.  and  in  a  test-lube  rectangular  on  cro%s-section  and  compoMd  of  1 
iMilcitudinally  sitiaicO  iclass,  if  (hroush  a  suspension  of  opaque  pariieles  in  soih  1 
glav  lube  a  candle  Hame  he  obtcrved.  e.tch  itriation  in  the  gla»  will  act  u  • 
tens  prrijeciins  an  iniaite  of  the  candle  flame  to  ihe  back  wall  of  the  iul>t.    Bui 
thiK  image  can  be  funned  only  when  Ihe  tii^ipention  is  of  a  sufficieni  dilution  te 
uilinil  tlic  almost  tinobsinicied  pa^siiee  of  the  lijiht  rays.     The  blood  is  nicu- 
urcd   in   a   small   selffilling   pipcltc.   and   it   washed   into   the   tube   by   means  ot 
Hayeni's  fluid   from   a  medicine   dropper  (he   tip  of  which   is  covered  by  a  «t»^ 
rubber  tube.     By  shaking  Ihe  test-tube  covered  by  the  thumb  the  xUKpcnsiwi  n^ 
corpuscles  is  made  ijuiie  uniform,  bill  the  thumb  should  be  slid  off  in  sudi  ■ 
way  thai  the  drop  of  blood  clinging  lo  the  skin  will  be  wiped  oflf  into  the  iniet»« 
of  the  tube,      Tile   lube  is  then  held  brittrcn   ihc   ihunih   and   the  first   fingfr  1*^ 
»uch  a  way  that  tllcie  form  a  frame,  llius  clmiiiiatinK  c.xliatieous  rays.     The  tiil-^^ 
is  held  g1o»c  to  the  rye.  which  looks  through  the  long  axis  of  its  ctosS'SkIioc^ 
at  a  small  candle  ten  feet  disiant  in  a  dark  room,     The  dilution  and  mixing  u^ 
continued  until  at  a  certain  point  a  bright  horizontal   line,  which  is  a  row 
images  of  the  candle  flame,  i>  *ecn  across  the  test-tuLrc     This  line  appears  fini 
at  the   edge  of  the   tube.     The   proper   dilution    it   obtained    when    (hew  !' 
lines  from  the  sides  iust  meet  at  the  centre.     The  tube  is  leraduated  Into  oni 
himdted   divisions,   the    too  jioint   being   ihnt   dilution    found   by   cxprrimrnl   n«— r 
es.sary   to   give    the   end    reliction    in   a    blood    of   3.000,000   corpuscles    per    cubicS 
millimetre      Hence  each  division  corresponds  to  50,000  cells.     The  end-mcikmif 
is  so  i^hnrp  that  student!*  trained  to  it  insist  ihey  can  detect  a  vsrialioo  of  13. 
cells 

It  should  be  distinctly  remembtrrd  that  Oliver  inveflltd  this  inslrumeni 
a  more  ;tcruraie  means  of  counting  the  hlood  than  are   the   Thoma-ZeiM 
similar  methods.     He  did  not  invent  it  as  a  short  cut   for  apprOKimate 
coimting.    He  dtslinrtiy  stated  that  ii  was  not  to  be  titcd  in  diseases  accoi 
by  a  large  variation  in  the  *iie  of  the  red  blood-eelU     We  are  sure  from 
quite  extensive  use  thai  ihc  instrument  has  had  in  this  clinic  that  his  claim  ir^ 
the  case  of  normal  blood  is  correct,  and  that  itight  physiological  vaiialioits 
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ileNvie<l,  which  would  fall  iar  wiiliin  (he  litnit.i  o(  the  accuracy  of  tlic 
Th()iii3-ZciN»  iiisiramcnt.  and  the  iiiMnimcni  U  to  be  lieanity  rccnminendci]  for 
wrfi  »otk,  W«  have  founii.  however,  th.il  in  the  blood  ili-.ea!iei.  as  lie  hu 
•irnol.  the  error  it  so  greut  thai  the  in^itrtiiiieiil  cannot  be  used  Btit  the  cliD' 
nan  cares  nothing  about  phj'^iolngicnl  vnriaiions  of  normnl  lilooil,  and  finding 
'b»l  it  i«  of  no  tue  in  the  blood  <li?e.nse»,  and  that  in  the  [jriniary  ana^nitns  there 
najr  ^r  an  error  of  over  zjxo,oo3  edit  per  cubic  inillimcirc.  he  di^cardi  it  a«  tiie- 
»>.  We  emithatixe  lhi»  hecwuae  il*  u*e  has  been  recominctidcil  as  aci  approx- 
naic  and  ensy  meihod  of  eotintinft  the  blood  in  all  blood  disease*,  and  would 
Bfcr  the  reader  to  a  paper  by  UaumKarlcn.*  who  einphaMicd  ihe  error  ariting 
rom  nbnnrmal  si^es  of  the  corpuscle*,  and  from  the  precipitate  in  the  platma. 


The  Heemaiocrit. — This  at  first  piTomiscd  to  save  considerable 
ime  and  eye-strain  by  jjiviiig  :i  fairly  accurate  ileleniiiiiation  of  the 
oluinc  of  the  red  blnod-cclls.  that  is,  nf  the  h.-pninglobin-contaiiiing 
rrotoplasm.  Tlic  instrument  is  a  modified  centrifuge  capable  of  very 
ligh  spee<l,  Swiw  fnrtiis  use  a  diluted  bl  wd;  oihers  tbe  undihitcd. 
n  the  secon<I  case  in  each  arm  of  the  centrifuge  (see  Pig.  ij/)  is  a 
mall  glass  tube  of  rather  large  btjre  calibrated  with,  too  divisions. 
3tie  of  these  jjlass  tubes  is  inserted  in  a  nihber  Itilie  with  a  nioiitb- 
piece  and  the  blood  drawn  in  until  the  tube  is  even  more  than  full. 
This  requires  a  very  large  drop.  The  finger,  covered  with  vaseline,  is 
Ibm  placed  over  the  free  end  and  then  the  rnbher  tnbc  removed.  Tlie 
gUss  tube  is  inserted  in  the  centrifuge,  in  the  other  arm  of  which  is 
the  empty  tube  to  balance  the  machine,  and  at  once  as  high  a  speed  as 
possible  obtnined  and  maintained  until  the  coUmm  of  centrifiigalixcd 
cnrpnscles  does  not  decrease,  luich  division  of  the  tulie  corresponds  to 
'Pproximatdy  100,000  cells.  Multiplying  ihe  number  of  divisions  by 
his  will  give  an  approximate  blood-count  and  a  fairly  accurate  esti- 
lattun  of  the  volume  of  the  red  blood-cells.  This  may  be  accurate  in 
"•e  case  of  normal  blood,  bnt  as  in  the  dififerent  anxmias  in  which 
lone  blood  counts  arc  of  great  importance  the  corpuscle.'*  varj-  con- 
xJerably  not  only  in  size,  bnt  probably  in  elasticity  as  well,  it  is  not 
t  all  certain  that  they  will  always  pack  down  to  the  same  degree. 
1.1  any  mtc,  the  instrinncnt  has  not  been  very  popular  for  blood- 
iunting.  As  is  so  often  tiie  case,  the  method  wa-s  used  first  con- 
(Jerably.  Ihen  almost  abandoned,  and  now  is  again  coming  into  favor, 
Lspchn  *  centrifngalizes  a  blood  diluted  with  Miillcr's  fluid  in  a  special 
ipelte.  The  blood  need  not  be  used  at  once,  since  this  mixture  will 
eep  for  some  time.     He  reads  the  leucixytes  at  the  same  time. 

CapiM*  thinks  the  volume  index,  the  numerator  of  which  is  de- 
rrmiiied  with  ibis  inslmmetu  ( using  undiluted  blood).  iinjHirtant.  and 
ertainly  has  pnbHshed  some  interesting  results.  We  use  it  consider- 
My  in  detecting  the  presence  of  lipimia.  choI.Tmia.  or  hreinoglobin- 

*  Johns  Hopki"' Hosp  Riill.  July,  igoa. 
'Zcil*   f.  klin,  Med.,  loo.i,  Bd.  w.  S   .lOJ, 
•Jmir  of  Mpd   Rc*carcb.  1903,  vol.  vi. 
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JBinia.  In  ilie  latter  case,  however,  it  is  only  safe  when  the  plasmm 
free  In  say  that  h.'eiiiuglubiii:eniia  is  not  present.  Stimtld  the  plasm 
be  Slaincd  reil  one  is  nut  at  all  certain  that  this  was  so  l}cfi)re  the  ctmri- 
fiig;nlix,itit.>n.  for  the  mechanical  injury  to  the  cells  may  haie  tfl 
free  a  certain  amount  oi  lia-inuglubui.  The  instrmneiil  requires  vtty 
rapid  work.  U  must  be  set  up  in  close  proximity  to  the  bed.  It  nokes 
a  very  loutl  anil  (Iisa{irceat)le  noise,  and  hence  is  not  a  very  satiiiaclm 
clinical  instrument.  To  determine  the  volume  of  the  red  bloixlctllf 
the  se<limentation  by  gravity  in  tubes  to  which  a  small  amount  cf 
oxalic  acid  has  been  added  to  prevent  coagulation  is  much  preferr*! 
b>'  some. 

In  the  use  of  the  instrument  the  springfs  holding  the  k^J^ss  tubts 
in  place  should  be  Kcasionally  testeil,  and  the  cups  in  wliidi  the  tubt 
rests  should  have  at  their  base  a  piece  of  soft  rubber;  also  the  vaie  1 
lined  end  sbonld  always  be  the  <listal.  If  these  precautions  Iw  obscntd. 
the  liIofMl  .should  rcTnain  iii  llie  tubes,  but  very  often  tlie  consitleraHe 
centrifugal  force  forces  the  whole  column  out  of  the  lube.  ^^ 


Pic.  fT  — Arm  ol  hicinMoctJI 


.\  method  which  pcrinil^  the  spcom^ii^  to  be  counted  In  be  aanie  \KTm»teiH, 
tlial  ibir  cmiTTicraiiuii  niny  Iw  m.ide  nt  kisurc,  h  given  by  Strung  and  Sclign»n>.' 
The  litmxl  ii  diluted  I :  loo  for  Iciicucyic  counts.  I ;  aojooo  for  rc<]  cnunis.  and  ihm 
a  iiuanlily  of  known  volume  made  into  a  ilricd  and  pennaneni  mount.  We 
judge  it  >aket  longer  lime  than  the  ordinary  mclhud.  lis  rcMilt»  vary  from  I 
to  4  per  cetii,  (rum  those  with  llir  Zeiss 

Leucocyte  Counting. — For  a  leucocyte  count  the  same  inixtittc 
in  which  the  red  cells  were  cotinteil  m.iy  I>e  used,  es|R'ciaHy  il 
Toisson's  tluid  was  the  diluent  einployc<l.  In  this  case  after  counting 
the  red  l>l<K)d-cells,  the  leucocytes  over  the  whole  s(|u.ire  millinieirc  art 
counted.  The  trained  eye  easily  picks  Ihcm  out,  more  from  the  dif- 
ference in  their  refractivity  than  from  any  stain,  since  they  arc  seen 
as  bright  cells  when  the  focus  is  slightly  raised.  With  tlic  Tlioiiia 
ruled  slide  the  lencicytes  in  the  whole  millimetre  lieM  of  eight  separate 
drops  shmili!  be  counted.  This  requires  alimil  all  the  time  at  the 
disposal  of  the  worker,  and  the  number  of  cells  counted  is  much  toij 
small,  yet  a  fairly  approximate  result  is  obtained.     It  is  much  hettcf 

'  Bril.  Med  Jour.  July  ii.  1903. 
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'louse  a  seiKirate  pijiclic  for  leucocyte  cuiuuing,  and  a  fluid  wliicii  by 

l»liiiig  llic  red  bluod-cminisclcs  leaves  llic  Iciicucytes  liie  uiily  cells  in 

liic  field.     The  best  fluid  is  dilute  acetic  acid,  from  o.j  to  i  i>cr  cent. 

A  o._j  per  cent,  solution  is  hardly  sirung  enongli,  for  the  red  hk>o<l- 

cell*  arc  not  entirely  lakcd.  Iiciicc  groups  of  shadows  are  seen  whidi 

are  very  cunfnsing.     Tliis  docs  not  occur  if  a  stronger  acetic  acid  is 

used    Our  method  is  as  follows:   We  give  each  student  three  bottles. 

(incuf  glacial  acetic  acid,  the  second  of  distilled  water,  and  this  should 

lie  fre<jtienily  renewetl.  and  a  third,  a  small  Ixittle  of  about  30  cc. 

capacity  with  a  wide  neck  and  a  lalrcl  stating  how  many  drops  of  the 

gl.Kial  acetic  acid  arc  to  be  addcti  to  the  bottle  filled  with  distilled 

water  to  the  line  of  the  neck  to  gel  a  dilution  just  under  1  per  cent. 

This  mixture  b  made  up  fresh  each  day.     .X  dilute  acetic  acid  much 

older  than  this  should  ne\*er  be  used,  for  yea^l-cells  grow  which  if 

f>iiigle  will  resemble  mononuclear  leucocytes.     In  case  there  are  many 

ami  in  chains  they  arc  at  once  recognized,  but  we  know  of  too  many 

iiwunces  in  wliich  a  count  slightly  loo  large  was  reported  l>ecause  a 

few  were  present.     The  pipette  lused  may  be  the  same  as  that  used  in 

tile  red  blood-count  but  the  bloiwl  should  be  drawn  to  the  I  point,  thus 

pring  a  dtUttion  of  i  :  100,     Belter  pipettes  arc  those  (see  Tig.  94) 

"hich  give  a  dilution  of  from  i  :  10  to  i  :  40,  since  the  greater  the 

nmnbcr  of  leuc(K>'tes  counted  the  smaller  is  the  ermr.     We  do  not 

agree  Ihai  it  is  '"  nni  at  all  diRiadl"  to  use  these  big  pipettes;   they 

ti|itire  more  practice  than  the  others.     Their  bore  is  so  large  that 

llie  hl(H»I  e;isily  drips  out:    it  is  dift'icult  to  wash  llie  blood  entirely 

ini"  llie  bulb  by  means  of  the  acetic  acid;    and  in  shaking  it  it  is 

«s}'  lo  shake  the  leucocytes  into  the  fluid  filling  the  tnhe.    To  reduce 

t!ie!e errors  as  much  as  jxissible,  white  the  blmtd  is  drawn  and  while  the 

>«llc  aei<l  is  aspirated  into  it.  the  pipette  should  be  held  almost  hori- 

'"iital;  a  widc-moulhed  bottle  of  acetic  acid  should  therefore  be  used. 

"tiidi  allows  of  an  altnust  horironlal  posili<in  of  the  pipclte.     The 

aceiic  acid  should  l)c  sucked  in  rapidly,  that  the  stream  may  wash  the 

mijc  well.    'Hie  pipette  is  shaken  in  all  directiorus  except  in  that  of  the 

'""g  axis  of  the  tulie.     In  Ibis  case  also  the  specimen  shouhl  l>e  first 

"Iwrvefl   with  the  low  j»)wcr  to  make  sure  that  the  distribution  is 

even. 

If  the  coimting  slide  has  the  Thoma  riding,  hence  hut  i  sq,  mm. 
'"r  use.  this  area  from  at  least  eight  different  drops  should  be  counted. 
^w  Kwing.  Zappert.  or  Tiirk  rulings  are  to  be  preferred,  since  9 
"'l.  mm.  from  each  drop  can  \k  counled.  This  should  be  repealed  with 
•'Tee  different  drops.  At  least  one  lumdred  leuoicytes  should  lie 
Wmlly  cininted.  ami  more  if  possible.  If  the  acetic  acid  be  of  the 
pfoper  strength  and  fresh.  an<l  the  pipette  clean,  all  objects  seen  may 
"tcpmucd.    The  nmnbcr  of  cells  found  divided  hv  the  number  of  units 
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counted  and  multiplied  by  lo,  and  this  by  the  dilution,  will  give  the 
number  of  leucocytes  in  i  cmm.  of  undiluted  blood. 

Beware  of  nucleated  reds,  since  their  nuclei  are  similar  to  small 
mononuclears.  The  hour  of  the  count  should  always  be  stated,  and 
also  whether  a  short  time  before  the  count  the  patient  had  partaken 
of  a  heavy  proteid  meal. 

The  error  in  leucocyte  counting  is  usually  at  least  5  per  cent.  If 
a  large  number  of  leucocytes  are  coimted,  as  was  done  by  Reinert.  the 
error  will  be  about  3.5  per  cent.  We  are  sure  that  the  error  in  the 
ordinary  blood-count  made  by  the  busy  ward  man  is  nearer  10  per 
cent.  We  wish  to  emphasize  this  fact,  for  too  often  the  clinical  man 
who  does  not  himself  count  blood  draws  from  the  counts  made  by  his 
assistants  conclusions  concerning  a  rise  or  fall  of  leucocytes  based  on 
<lifferences  which  fall  within  the  limits  of  accuracy  of  the  metliod  as 
they  apply  it.  We  hear,  for  instance,  of  a  rise  of  leucocytes  from  10.000 
to  11,000  or  from  20.000  to  22,000  per  cubic  centimetre  and  soon, 
and  are  confident  that  the  blood  is  not  nearly  so  much  to  blame  for 
variations  of  this  amount  as  was  the  worker.  A  careful  man  will 
by  repeated  controls  of  his  counts  make  sure  that  his  technitjtie  con- 
tains no  error  over  5  per  cent.  This  can  be  done  by  filling  at  the 
same  time  several  pipettes,  which  are  then  separately  counted,  or  better 
by  occasionally  inviting  another,  in  whose  work  he  has  confidence, 
to  make  a  series  of  parallel  coimts  with  him.  In  control  work  the 
blood  should  be  taken  at  the  same  time  and  from  the  same  incision, 
f<ir  one  can  obtain  curious  results  by  taking  his  blood  from  different 
parts  of  the  body  if  he  dues  not  observe  ihie  precaution  to  avoid  the 
ear  <in  which  the  patient  has  liccn  lying  or  the  hand  which  lias  been 
in  a  hanging  posiliim  fnr  snnie  time. 

Blood  Smears. — For  satisfactory  stained  specimens  the  first  neces- 
sity is  lo  get  gnoil  smears,  thin,  with  the  ceils  well  .spread  and  onl3 
few  r>vcrla]iping.     The  method  we  emjdoy  is  the  Ehrlich.  using  tn'  ■* 
cover-glasses.    The  cu\er-glasscs,  three-(|uarters  of  an  inch  square  an  ^ 
of  the  thinnest  glass  and  best  quality,  are  thoroughly  cleaned  in  alcohi"^ 
and  ether  (  sec  p.  393 )  anil  then  dried.     One  cover-glass  is  held  on  on 
eilge  by  the  crosscd-ldaded  1<prceps.     The  other  cover-glass  is  placed  ir^ 
a  convenient  pnsitinn  to  be  i|uickly  jiicked  Up  hy  a  pair  of  ordinarv- 
pinch  forceps.     A  small  dmp  of  blood  about  the  size  of  a  small  heaiW 
(about  1.5  mm.  in  diameter)  is  jiicked  up  mi  the  last-mentioned  cover- 
glass  which  is  then  at  once  dropped  onto  the  other  cover-glass.    If  these 
covers  have  been  prnperlv  cleaned  the  liloi>d  will  spread  out   rapidly 
from   the   weight  iif  the  cover-glass   alone,   and   without   the  assist- 
ance nf  anv  ]iressure.  which  should  he  carefully  avoided.     Tiist  as  the 
spreading  of  the  film  is  abnnt   tn  stnp.  but  befnre  it  <locs,   the  two 
cover'  arc  pidlcd  apart  in  a  line  parallel  to  their  plane  by  a  steady 
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ut  {jiiick  tnucion  (sec  Fig.  98).  After  a  little  practice  one  will  suc- 
(wl  almost  every  time.  Beginners  find  it  niiidi  e;isier  to  Iinndle  tlie 
(fee  cover-glass  in  llicir  fingers.  V\'e  do  nni  allow  tins,  since  the 
[fchniquc  is  certainly  not  so  good, the  moisture  from  the  finger  affecting 
the  spei-iniens  to  a  slight  degree,  and  after  one  has  had  considerable  ex- 
[jenencc  one  hmi<Ircd  or  more  smears,  a  nimilicr  which  nnist  often  be 
made  for  <nir  class,  can  be  made  in  much  less  time  than  without  the 
ittiitid  pair  oi  forceps.  .As  soon  as  tlie  covers  are  drawn  apart  they 
nay  Im;  waved  in  the  air  until  dry.  not  warmed  over  a  flame.  They  then 
«inain  s|iread  out  on  a  sheet  of  paper  for  from  fifteen  to  thirty  mimites 

0  become  iiiriher  dried.  Imt  must  be  watched,  for  flies  work  havoc 
viih  si>ch  smears,  sucking  up  the  h.xmogInhtn  and  leaving  large  hnlest 
n  the  specimens.     For  some  stains 

he  smear  is  not  allowed  to  become 
ln\  but  is  dropped  at  once  into  the 
ixing  Huid.  [f  kept,  they  should 
icgiuirde'l  fnmi  dust  and  moisture. 
Others  prefer  to  make  the  blood 
ipccimens  on  slides,  in  which  case 

1  cover  is  dispensed  with.  A  large 
Irop  is  placc<l  on  a  sti<lc  and  the 
imcar  made  by  drawing  il  along  the 
(li'lc  by  the  edge  of  another  slide. 
UT,  better,  by  a  sprcaclcr  with  a 
^Touod  edge,  or.  better  still,  by  a 
•trip  of  pajrer,  the  ordinary  cigar- 
riie-pai>er  giving  splendicl  results. 

■xhilc  others  prefer  to  use  a  necflle  which  is  drawn  Hat  .icross  the  slide. 

Llciiiitful  specimens  may  be  obtained  in  this  way.     It  has  the  ad- 

•"anuge  of  dispensing  with  the  use  of  cover-glasses  entirely  and  of 

£inng  a  much  larger  blood  surface.     On  the  other  hand  only  a  few 

Kmears  can  be  made;  it  takes  more  blood,  anti  many  slides  cannot  be 

fiwdled  as  easily  as  the  same  nnmher  of  covers.    As  a  rule,  they  arc 

WnC  »)  well  spread.     There  is  great  need  of  getting  uniformly  spreiid 

sptcimens.  especially  with  thin  edges,  since  the  <listribulion  of  leucocytes 

isi'cvernnifonn:  these  are  found  especially  at  the  edges,  platelets  .it  the 

fi"l  ooini  touched.    A  proof  of  this  is  that  several  smears  have  lieen 

s*ni  IIS  as  illuNiraiiniis  of  extreme  leucopenia.     In  one  case  it  was 

clttFn»l  not  a  single  leucocyte  could  be  found,  but  plenty  were  by  those 

*K>  knew  the  tricks  snch  s|)ecimens  play.     Tlie  distribution  of  cells 

^Kii  two  cover-glasses  arc  used  is  not  the  same  nn  e.nch:  also  wdien 

BDK(«hni4|uc  is  slow  many  of  the  leucocytes  are  in  a  mass  on  the  area 

^ft  cr'\'ered  by  the  drop,  which  often  gives  the  mistaken  notion  of  an 

.octrnnc  tencocylosis. 


Flc  s0.— M*lh«d  ol  miklni  i«v«r-f  In* 
prcptntloiu. 
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It  is  of  the  greatest  importance  to  obtain  good  spcciniens.  Wii- 
the  mtjst  ciircful  tedii)i(|tie  sume  uf  ilic  most  interesting  cells  vt 
nearly  always  ruineil.  V\'c  refer  to  ilie  niacmpliages  aii<I  li>  tlw  vtf) 
large  nutnoiiiiclear  cells  which  can  be  fouml  in  sections  <>(  drops  ci 
bUxKl  hardcneil  en  maisc.  and  in  fresli  specimens. 

The  smears  thus  dried  in  the  air  may  l>c  kept  some  lime.  Out 
obtains  lieiicr  results  with  Ebrlich's  stain  by  heating  alter  three  >« 
four  days  than  on  the  first  day.  while  in  the  case  of  the  niany  methy- 
lene bliie-ei'sin  stains  now  in  vogue  it  is  nnich  Ijctlcr  to  stain  at  uiice. 
even  Iicfore  lliey  are  air-dry. 

Fixing  Methods. — The  fixing  method  iiserl  will  depend  npon  tJic 
stain  which  it  is  intended  to  employ,  .^niong  the  various  dieinicJt* 
methods  are :  ^ 

( t)  Nikii'orokf's,  consisting  of  absolute  alcohol  and  ether  «iia^^ 
parts:   the  specimen  is  in  he  immersed  for  from  a  half  to  two  \v>v.n.      \ 
This  method  is  particularly  good  for  m:i].irial  sjiecimens  an<l  ftw  \ht 
degenerations  of  the  red  blood-cells. 

(2)  Absoi.i-te  aij:ohoi,  for  five  niinntes,  or.  if  in  a  hurry,  boil- 
ing absolute  alcohol  one  minute. 

(3)  Flemming's  soui'TioN.  particularly  good  for  the  study  of  tlw 
chromatin  of  nuclei,  consists  of  chrf>inic  acid,  1  per  cent,.  15  ]nris: 
osmic  acid.  2  |)Cr  cent.,  4  parts:  glacial  acetic  acid,  i  jKirt,  The 
hloo<l  specimens,  as  soon  as  made  and  before  the)*  conid  )x>ssil)Iy 
dry  in  the  air,  are  plinigcd  immediately  into  this  fluid  ami  left  for 
ten  minutes.  They  are  then  washed  in  running  water  for  about  leti 
minutes  and  dried. 

(4)  V.\i-oK.s  (IK  FoKMALDEllYDE. — Tlic  specimen  is  put  under  a 
bell-jar  together  with  a  few  <Irops  of  fi)rrnal<lehyiic.  and  is  ex]H>sed 
thus  to  its  fumes  for  about  five  minutes. 

(5)  The  Fitciieb-Lazear  nielho<i  employs  0,25  per  cent,  for- 
malin in  95  per  cent,  alcohol  for  one  minute.  To  to  cc.  of  95  |»ct 
cent,  alcohol  .ire  added  4  to  5  drops  of  to  per  cent,  fonnalin  (i.r..  the 
strong  formalin  of  commerce,  40  per  ceni.,  diluted  with  three  \-<>l- 
unies  of  water).  This  is  always  made  fresh.  The  siMrcinicn  is  left 
for  one  minute,  then  rinsed  in  ninning  water,  and  dried  011  filter  p,ii>er. 

(6)  Heat. — This  method,  ihe  most  ilifTiciilt  to  nsc  well,  is  the    -. 
only  method  which  gives  satisf.ictory  results  with  the  very  important 
F,hrlich  triple  stain.    The  best  api>aralns  is  that  originally  introduced 
by  Ehrlicb, — a  large  triangular  ci)pper  plate,  not  pnlishcti.  with  a    -a 
gas-burner  imder  the  point.     This  is  .illowcd  to  heat  until  at  a  coo-  — 
stant  temperature,  and  then  the  boihng  [mint  deternune<l  by  dropping 
water  at  different  ihstances  from  the  n,ime  until  the  point  is  rcachffli*' 
where  it  just  Imils.     The  cover-glass  is  placed  blood-side  up  on  tliC" 
copper  plate  inside  of  the  boiling  point,  that  is.  toward  the  flame— 
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mth  iLi  outer  margin  about  three-quarters  <»f  an  inch  from  the  boiling 

point;    that  is.  at  a  temperature  of  from   no"  to  115°.     Another 

way  is  to  use  drops  of  tohml  or  xylol  instead  of  water;    the  boiling 

point  of  these  is  the  point  sought.     Very  Rood  specimens  may  be 

obiaiiie*!  in  from  an  hour  and  a  half  to  two  hours.    It  is  heller  to  move 

ilif  specimens  up  to  this  point  fcradually,  and  at  the  end  let  them  cool 

slowly  to  avoi«l  shrinking  or  sijlitiing  the  cells  by  tot>  rapid  cliangcs 

of  temperature.    The  lime  necessary  will  depend  on  two  things:   first, 

on  the  age  of  the  specimen,  for  in  case  ihe  hlood  is  heated  on  lli«  <lay 

that  the  specimen  is  made  two  hours  will  be  hardly  long  cinjugh. 

That  it  is  not  well  to  heat  on  the  day  the  specimen  is  made  is  shown 

by  the  fact  that  the  trained  eye  can  nsiially  tell  if  that  has  been  done. 

by  certain  undesirable  ipialities  in  the  specimens.     In  case  the  speci- 

Tten  is  a  week  old  an  hour  and  a  half  is  usually  sufficient,  and  for 

I'cry  old  specimens  sometimes  less  than  an  hour.  Second,  on  the  disease 

*liich  is  to  be  studied.     Normal  blood  re(|uires  the  longest  heiiting. 

splenomyelogcnous  leukaemia  specimens  arc  mined  usually  if  left  on 

he  bar  more  than  one  hour,  and  a  difference  of  fifteen  miiuites  may 

I*  fatal  to  a  pernicious  anaemia  specimen.     (Our  method  is  tu  place 

Our  cover-glasses  at  the  same  distance  from  the  llaine,  removing  the 

iTst  in  one  hour  and  the  others  at  intervals  of  alniut  twenty  minutes. 

iine  of  these  is  quite  certain  to  be  gmjd.  ami  the  rest  are  heated  for 

his  laigtb  of  time.)     Others  place  the  bloml  specimen  at  the  lioiling 

Ipim.  but  with  the  blood-side  down,  for  alx>ut  fifteen  minutes. 

P  A  thermostat  is  very  convenient  to  use.  but  one  must  be  sure 

nat  the  thermometer  measures  the  temperature  of  the  plate  upon 

vhich  the  cover-glasses  rest,  rather  ihaTi  of  the  air  alxjve  il.     Ehrtich 

^commends  a  temperature  of  i  to"  to  120"  for  from  an  hour  and  a  half 

0  two  hours;    Engel  a  temperature  of  125''  to  135^^  for  thai  same 

ime:    while  Cabol,  150^  for  ten  minutes.     If  in  any  case  this  high 

empcrature  l>c  used,  the  glasses  are  placed  in  the  i>v«n  while  cool, 

he  icmperalurc  of  which  is  then   slowly  raised  to   150",  the  flame 

hen  removed,  and  the  oven  allowed  to  cool  slowly. 

Others  prefer  to  simply  nui  the  cover-glass,  but  especially  the 
litle.  through  the  flame  two  or  three  linics,  in  the  same  manner  as 
mears  of  bacteria  are  fixed,  and  often  get  splendid  specimens.  The 
'  Spheroidal  \K>\nX  metlmd"  is  often  excellent.  That  point  on  the 
opper  bar  is  <leicrniine<l  at  which  the  "spheroidal  phenomenon" 
(ccurs:  that  is  where  the  drop  rolls  o/T  without  boiling.  The  tcm|7cra- 
ure  here  is  140'  lo  150"  C.  Ilie  smears  are  placed  at  this  jioini  face 
ip  for  from  ihirly  lo  one  hundred  and  twenty  seconds. 

Various  ovens  arc  soltl  which  give  a  very  constant  temperature, 
rince  they  are  heated  by  fluids  whose  Ixiiling  point  is  the  one  desired. 
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Among  these  may  be  mentioned  the  Viktor  Meyer,  and  lately  the 
Ehrlich  ovens.    In  these  ovens  xylol  or  toluol  is  used. 

In  the  case  of  the  Ehrlich  stain  the  success  in  staining  will  depend 
on  the  heating;  if  the  specimen  appears  over-stained  it  was  undei- 
heated;  if  unstained,  it  was  overheated.  The  red  blood-cells  are  a 
good  index;  they  must  show  no  fuchsin  tint  whatever,  nor  again  a 
lemon-yellow.  The  amount  of  stain  which  the  plasma  will  take  also 
depends  on  the  time  heated ;  there  should  be  no  halo  around  the  cor- 
puscles, under-heating  bringing  out  Deetjen's  "  cell  membrane." 

Wood  alcohol  is,  however,  the  fixative  preferred  by  most  since 
it  can  be  mixed  with  the  stain,  hence  the  fixing  requires  no  extra  work. 

In  the  choice  of  a  methotl  the  subject  studied  must  be  taken  into 
consideration.  For  the  granulations  heat  is  the  best  method,  since  it 
allows  the  neutrophile  granules  to  take  the  specific  stain ;  osmic  acid 
2  per  cent,  at  a  temperature  of  37\  the  specimens  before  they  aie 
air-dried  being  exposed  to  these  vapors ;  or  chromic  acid  i  per  cent., 
the  specimen  fixed  for  from  two  to  ten  seconds  and  then  washed  in 
distilled  water  at  once  for  from  two  to  ten  seconds,  may  also  be 
used.  For  the  study  of  the  nuclei,  Flemming's  fluid  or  the  N'ikiforoff 
method  is  best;  for  protoplasm,  chromic  acid,  osmic  acid,  or  alcohol 
and  ether. 

Stains. — Stains  have  been  classified  by  Ehrlich  as  acid,  basic,  and 
neutral.  These  words  do  not  refer  to  their  chemical  reaction,  but  to 
the  portion  of  the  compound  which  does  the  staining.  The  classical 
illustration  of  tliis  is  the  following:  ammonium  picrate  i.>  an  acid 
stain,  since  it  is  a  picric  acirl  which  fjives  tlie  color:  ro^aniliii  acetate 
is  a  basic  stain,  since  it  is  the  basic  element  which  is  efficient :  a?:  an 
illustration  of  a  neutral  stain  rosanilin  ])icrate  would  serve,  since  ln'tli 
the  basic  and  the  acid  parts  wouM  stain.  .\s  a  matter  of  fact  the 
neutral  stains  are  all  of  them  mixtures  of  one  or  more  stains,  and  it 
is  very  hard  to  state  just  liow  the  conipoun<l  arises  and  what  it  is. 

Among  the  basic  stains  may  lie  mentioned  metliyl  green,  methylene 
blue,  fuchsin.  methyl  violet.  Rismarck  brown,  and  saffranin. 

.\mnng  the  acid,  ensin.  aurantia,  the  salts  of  picric  acid,  indulin. 
aciil  fuchsin.  iiraiige  G,  and  a  long  list  of  others. 

N'eutral  stains  arise  in  mixtures  of  the  alx)ve.  For  instance,  of 
acid  fuchsin  and  methyl  green;    of  methylene  blue  and  eosin. 

Methods. —  (  1 ")    Futcher    and    Lazear    reconmiend    a    s.\Tt'R.\TF.n 

-SOLUTION   OK  THIOXIX   IN    50   I'ER  CEXT.    -MXOHnL.   to  20  CC.    of   which 

100  CC.  of  2  per  cent,  carbolic  acid  are  added.     This  stain  is  allrnvci 
to  slanil  for  some  time.     The  specimens  fixed  by  the  aIc:>hn|-foniia!in 
method  (see  p.  120)  are  stained  in  this  for  from  ten  tn  fifteen  seconds- 
This   was   particularly   valuable   for   malaria   specimens,   the   bvalines- 
showing  as  rerldish-violct  ring-!ike  bodies. 
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>Nu  MicTiivLENL  ULUE  are  often  convenient  to  use. 
Tlosin  0.5  per  cent,  in  70  per  cent,  atcoliul  is  diluted  one-half  by  water, 
lilt  specimens  stained  for  a  few  minutes,  then  washed  and  blotted. 
They  arc  then  covered  for  three-quarters  of  a  minute  with  a  saturated 
j^muu^lution  of  methylene  blue  winch  has  also  l»eu  diluted  one* 

EVjwftefore  use. 
(3)  CiiENZiNSKy's  stain:  Methylene  blue,  sat.  aq.  sol.,  40  cc. ; 
n,  0.5  per  cent,  sol,  in  70  per  cent,  ale  20  cc. :  distilled  water, 
40  cc.  Tlie  specimens  fixed  in  absolute  alcohol  from  five  to  thirty 
nuDMes  arc  stained  in  the  thermostat  at  37**  C.  in  the  above  stain  for 
from  three  to  six  hours;  beautiful  speciniais  result. 

(4)  H-EMAToxvLiN  liosiN, — This  stain  is  not  used  nearly  as 
mticli  as  it  deserves,  since  there  is  no  Iicttcr  way  of  bringinK  out  the 
nuclei.  .Attention  has  been  diverted  so  nuich  lately  to  graiuilations 
(hat  all  else  has  Irecn  considerably  ncglccterl. 

Maver's  Solution. — Ha-matoxylin.  i  ^n.:  alcohol.  100  cc. : 
while  cool.  50  gms.  of  alum  are  added,  and  then  1000  cc.  of  lioiling 
listilled  water.  A  few  crj'Stals  of  thymol  arc  then  ad<lcd,  the  whoh- 
'oole<l.  and  fdtcred.  It  is  to  be  kept  in  the  dark.  Only  experience 
rill  teli  how  long  the  .ipeciniens  are  io  be  .stained,  lliey  arc  after- 
Ifards  washed  rapiilly  in  water.  The  nuclei  will  alone  take  the  color, 
i^ofin,  0.5  per  cent,  aqueous  si>lution.  may  then  I>e  added  until  tlic 
6<1  blood<clls  arc  just  rose-red.  Tlic  specimen  is  then  washed  in 
Pater,  drie<l.  and  niotuited.  The  protoplasm  and  the  nuclei  are  beanti- 
■Uy  .stainetl,  but  the  granules  not  so  well. 

'  Ehrlich's  mixture:  Eosin  (cryst. ).  0.5  gin. :  li<cmatoxylin.  2 
Tns,:  absolute  alcohol,  distilled  water,  glycerin,  .ia  too  gnis, :  ghicial 
cetic  acid,  10  gms.;  alum,  in  excess.  This  is  allowed  to  stand  for 
«veral  weeks.  The  specimens  are  stained  for  from  one-half  to  two 
KHirs. 

k  (5)  HiiRi.icn's  Thii'lk  Stain. — The  words  Ehrlich's  "  triarid" 
fid  Ehrlich's  "  triple"  slain  are  often  wrongly  H>ed  as  synonyms, 
rije  triaci<l  stain  was  a  mixture  of  indulin.  nigrosin.  and  aurantia, 
stpial  parts  of  die  saturated  snhiiions.  'Hiis  stain  was  to  bring  out 
he  cosinophile  granules,  It  is  hard  to  make  up,  and  is  now  very  little 
jsed,  Hy  the  word  "  triacid"  is  usually  meant  the  triple  stain  next  to 
»  mentioned. 

Ehrlich's  triple  stain  is  a  mixture  of  the  satnratcti  aqueous  solu- 
lions  of  methyl  green  06,  acid  fuchsin.  and  orange  G.  ( Griibler's  stains 
ire  iistLiIly  used.)  Tliesc  sohilions  are  allowed  to  stand  at  least  one 
iveck,  and  if  longer  give  still  l>cttcr  results. 

Since  oidy  about  one  mixture  in  len  is  a  .success,  it  is  better  to 
make  it  up  in  small  iiuantities. 

In  a  Ijcaker  are  mixed:  Saturated  solution  of  orange  G,  13  to  14 
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cc.;  saturated  sottition  uf  .icid  fuclisin,  6  to  7  cc;  distilW  wua 
aiiJ  alcuhol,  of  each,  15  cc. ;  satiiratctl  solution  ot  methyl  gr«n  00, 
added  drop  by  drop,  stirring  all  tlic  time.  t2.5  cc, :  alcohol,  10  a,, 
glycerin,  10  cc. 

If  Ihc  mixture  is  a  siiccc$!>  the  stain  has  a  rus&ct-browii  color,  at 
a  deep  red.  In  case  it  was  one  of  the  nine  failures,  one  may  try  i 
little  <locturing  wJih  more  orange  G.  tit  more  iiiethyt  green.  Iml  ilu' 
seldom  improves  matters,  and  those  with  much  cxijcrience  thro«i  ii 
away  and  start  over. 

Tliis  stain  seems  to  improve  for  a  time  on  standing,  hut  wh«i 
old  certainly  s|K>tls.     It  shontd  never  lie  shaken,  and  should  n<.ii  be 
filtered.     The  drops  to  be  used  are  removed  on  the  glass  rod  from  as 
near  the  centre  of  the  iKiltle  as  possible.     Tlie  spcfimcn   is  covered 
with  this  stain  for  from  three  to  twenty  minutes.     It  is  very  difficult 
to  overslain,  tilins  presenting  (his  appc:iranee  are  usually  uiulerheate(1. 
The  specimen  is  then  washed  in  distilled  water,  (juickly  blottc<l.  aii'l 
mounted  in  balsam.     It  may  be  (juickly  washed  in  absolute  akoliol. 
which  brings  out  the  granules  more  clearly  but  makes  the  nuclei  paler. 
In  a  successful  s|>cciuicn  the  red  bl<H«|.cells  will  be  r>f  a  Inif?  color 
without  the  slightest  shaile  nf  red:    the  nuclei  of  the  leucocytes  will 
be  of  a  <lark  green,  nf  the  normoblasts  almost  black;  the  ncutrophile  1 
granules  will  take  a  lilac  stain,  the  eosinophile  granules,  a  crimson,  j 
This  is  the  only  stain  which  gives  a  specific  color  to  the  neutrophitci 
granules,   and   it   is   for  this  purpose  that   it   was  intnMtuccd.      It  isl 
inferior  to  other  stains,  both  fur  the  protoplasm  and  for  nuctct.  and! 
dr)e«  not  in  the  least  stain  die  Mast/cl!  granulation.     While  the  iicu-l 
trophile  granulation  was  considered  very  important,  this  .>itain  wasi 
uniformly  used,  but  to  gel  a  good  idea  of  the  bluoiJ  as  a  whole  its  iisei 
is  limitetl.  and  odier  specimens  should  be  stained  by  some  other 
meihod.s,  preferably  ha?mato\ylin  and  cosin  or  methylene  blue  and 
cosin,  or  by  all  three,  that  the  other  points  be  not  neglected. 

Certain  bloods  will  be  foun<l  which  t;ike  the  stain  jioorly;  others 
well.  In  certain  diseases,  particularly  lymphatic  leuk;emia,  it  is  almost 
impossible  to  get  a  good  specimen  with  this  slain,  since  tlie  basic 
element  is  go  markedly  lacking. 

There  stem  m  be  individiinl  pcculiaritic-i  in  blood*.  Our  ttudMili  an  ic- 
quitvd  Id  Mnin  ihcir  own  tjlorid  until  latiifaciory  «mciit«  ate  obuincd,  in  orclcr 
that  ihcy  may  l^ani  how  in  jtidB«'  of  «i>Klmctis.  Som^  «itidciit4  will  iticeecd  Ihc 
first  lime:  oihcrt  have  made  even  100  In  150  speottiem  from  ihcir  l>1i"»il  witltoai 
gettiriK  a  saitsfactory  <>taJn,  Other  tludnili  iryins  Ihcse  tame  tiluurfii  will  luve 
no  heller  suc*e»».  Ceriain  pceoliarilies  ot  Ihe  ilniniiig  i|ii.ililie«  of  cell'  wilt 
be  to  innrkrd  ihat  it  i«  possible  Aomclitnes  In  reeiiSTiire  who<e  blood  <of  a  limited 
miiTibcr  of  siudenl')  is  under  Ihc  micmicope.  provided  live  ohser\'rr  ha*  already 
Studied  that  tilmid.  Ditrintt  the  past  year,  in  follow  intE  ihe  work  of  ninety  (tudenli. 
we  were  more  than  ever  convinced  a*  to  Ihit  point.  The  tlaintnic  qn.ilitirt  of  blondt 
depend  on  other  fncior^  (|iiiiF  a*  much  »'•  on  the  (ixinK  ami  ^tatninit  lechniane 
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ind  flnub  used.    Why  tweral  xtudcnlt  cannot  gel  a  well-stnincd  speooicn  of  oni: 
■  "I  *n(l  will  o(  another  miiiii  dt-pcrul  on  tlie  bloods.     Wc  have  been  miabk 
i>  jn  la  trace  any  relation  to  time  of  day.  iJici.  etc. 

T!l«  n>LYCIIROUE  METHYLENE  Ill.irE-KOSIN  STAINS  ai^  at  preSCIlt 
ihc  iavoriles,  since  Uiey  arc  easy  to  use.  contain  llic  lixative,  and 
give  fairly  satisfactory  results,  lii  the  case  of  malaria  tliey  are  tlie 
l»cst  stains  to  use;  since  il  is  only  they  which  bring  onl  ilie  chnmiatin 
of  liie  |>;irasitc.  For  blood  smears  Uiey  are  satisfactory;  tbc  nuclei 
suin  very  well,  also  the  Mastxell  graniitatioii,  and  llie  (jrotqilasm. 
The  eosinophilc  granulation  can  l)e  easily  rccogni/c<!,  and  the  ncutro- 
l>Iiilc  (jraimlcs  stain  perhaps  as  well  as  is  necessary,  and  niay  be  nxog- 
iiittd  from  their  fine  size  and  purplish  tint.  However,  if  one  is  sludy- 
iiifTgrannlalions,  he  will  nn|  use  this  slain  ainne.  nor.  indeed,  any  stain 
C'ltitaininj;  methylene  bhie.  which  is  very  tricky.  .\l  least  sixteen  dif- 
fereni  methods"  of  niakin^r  this  stain  have  been  reported,  all  of  theni 
m.xlifications  of  the  original  Ronianowski.  The  method  which  we  use 
» lliai  descriljcil  by  Hastiuj's  in  the  Johns  Hopkins  Hospital  Bulletin. 
'905.  since  it  is  one  of  the  easiest  to  make  up  and  so  seldom  fails." 

H.\STlN(is'  Stain. — Tlie  dry  stains  necessary  arc  cosin.  soluble 
"1  water,  yellow  ^Griibler);  and  methylene  blue  (iLhrlicli's  rectif.J 
(Griihler), 

Solution  .\  =  cosin  1  i»cr  cent,  aipieous. 
Sohiiion  B  =  alkaline  methylene  blue  t  per  cent,  aqueous, 
Sohilion  C  =  nielhylene  blue  i  per  cent.  acjucoiLS. 
Solution  ,-\  may  be  kept  ready-made:    solutions  B  and  C  must 
t^e  made  fresh. 

To  prepare  B  use  warm  1  per  cent,  sohition  of  dry  powdered 
'Sodium  carl)onate.  .-\dd  to  it  1  per  cent,  of  methylene  blue  ixmder 
^tit!  heat  over  a  water-hath  for  fifteen  minutes.  ,Add  30  cc.  of  water 
f<:)r  cich  100  cc.  of  original  fluid,  and  heat  again  fifteen  minutes, 
rfien  pour  off  the  solution  from  the  residue,  divide  into  two  equal 
t>atis.  .ind  1i)  one  part  add  enough  IJ.5  per  cent,  acetic  acid  to  faint 
*cid  reaction.  This  is  best  determined  Isy  placing  a  drop  on  hitic 
litmus  pa]>er  and  taking  as  the  end  reaction  the  |>oint  at  winch  the 
*iiargin  of  the  drop  after  absorption  in  the  paper  shows  a  faint  pink. 
Then  add  the  remaining  unncutralized  portion  to  this. 

To  mix  the  slain  use  distilled  water,  tooo  cc, ;  solution  A.  lOO 
solution  15.  200  cc;  solution  C.  70  to  80  cc.  In  adding  sohi- 
lion C.  put  in  70  cc.  at  once,  stir  well,  and  if  no  precipitate  is  present 
arid  a  cubic  centimetre  at  a  time  until  r)ne  appears.  After  the  pre- 
apilaic  appears  the  stain  is  allowed  to  stand  for  half  an  hour,  and 
thctj  filtcrcil  through  one  filter.    Forced  filtration  is  nnually  necessary. 

'Batimgantn.  American  Me<l .  1004.  vftl.  vii.  p.  14. 

•See.  alMj.  Wriglit's  Methotl.  Jour.  Med.  Research,  igoj  »ol.  ii.  p.  138. 
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The  dry  residue  is  removed  from  the  paper,  powdered  up,  and  may 
be  kept  in  this  form  or  dissolved  in  Merck's  pure  methyl  atcolioj. 
Seven-  to  nine-tenths  of  a  gram  of  dry  stain  is  usually  obtained. 
Three-tenths  of  a  gram  dissolved  in  loo  cc.  of  alcohol  gives  the  stain- 
ing solution.  In  dissolving  the  stain  it  must  be  rubbed  up  with  the 
alcohol  in  a  mortar  and  pestle,  as  it  is  with  difficulty  soluble. 

If  more  than  nine-tenths  of  a  gram  of  dry  powder  is  obtained  the 
resulting  stain  is  useless.  For  each  new  lot  of  stain  made  up  one 
must  determine  the  relative  proportions  of  stain  and  water  to  be  used 
in  staining  and  the  relative  lengths  of  time  in  which  to  let  the  pure 
and  diluted  stain  act.  Usually  2  drops  of  stain  for  one  minute  on  the 
smear  and  then  with  4  drops  of  water  to  it  for  four  minutes  gives  the 
best  result.  For  uniformity  in  the  size  of  drops  a  dropper  should  be 
used.  The  two  drops  of  undiluted  stain  for  one  minute  fixes  the  ^i- 
men,  which,  after  the  addition  of  the  water,  receives  its  differential 
stain. 

All  of  these  methylene  blue-eosin  stains  require  experiment,  since 
different  mixtures  by  the  same  method  require  slight  variations  in 
their  use,  learned  only  by  trial.  The  reason  for  accuracy  of  dilution 
is  to  prevent  a  fine  black  precipitate,  which  detracts  much  from  the 
beauty  of  the  specimen.  This  precipitate  may  be  removed  by  slight 
decolorization  in  95  per  cent,  alcohol.  If  too  much  decolorized,  it  is 
the  red  chromatin  of  the  malarial  parasite  which  suffers  the  first.  Only 
the  purest  methyl  alcohol  should  be  used;  use  distilled  water  to  wash 
the  specimen,  since  tap-water  sometimes  ruins  it. 

Jenner"s  slain  is  excellent  for  ordinary  blood  work,  but  lacks  the 
red  chroniatin-staining  element.  It  iias  liiis  disadvantage,  but  no 
advantages  over  the  somewhat  similar  polychrome  methylene  blue- 
eosin  mixtures,  which  are  no  harder  to  make  up. 

For  basophilc  granules  the  methylene  blue  stains,  carbol  thionin. 
or  dahlia  may  be  used. 

.Another  carhol  thinnin  mixture  is  thionin,  0.3  gm. :  absolute  alco- 
hol. [Q  cc. :  carbolic  acid,  1  per  cent.,  ioo  cc.  The  fixed  smear  is 
stained  two  minutes,  washed  in  water,  an<i  dried. 

F.hrticli's  dahlia  stain  consists  of  distilled  water,  100  cc. :  saturate*! 
alcoholic  (absnhitel  dahlia  .sohilinn.  50  cc. ;  then,  on  clearing.  10  to 
1^.5  cc.  of  glacial  acetic  acid.  The  specimens  (heated  or  fixed  bv 
alcohol,  etc)  are  stained  for  from  five  to  ten  minutes. 

SPECIFIC    GRAVITY    OF    BLOOD 

(i>  Gravimetric  Method.  (  »  )  Pycnomf.ter. — This  meilnKl  i- 
ccriaiiilv  the  most  accurate,  hut  reiiuires  considerable  blond  (  at  lea^t 
5  cc.  fur  an  accurate  estimation)  and  a  very  accurate  chemical  balance. 
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{b)  ScHHALZ  Tl'bes. — This  method  is  less  accurate  than  the 

ibm-e.  of  which  it  is  a  inoUifiattion.  using  tubes  which  hold  much 

fes  Mood,  about  at  cc     These  tubes  are  about   12  cm.  long  and 

:.5  mm.  wide,  sliEhtly  constricted  at  the  ends  to  prevent  Inss  of  blood. 

A  tube  is  well  dried  and  weighed  on  a  chemical  balance  which  is 

wturate  to  at  least  o.i  mg.     It  is  then  filled  with  distilled  water  and 

tA'cighed,  well  cleaned  and  dried,  filled  with  blood,  and  again  weig'hed. 

f  (  equals  the  wciglil  of  the  tube,  c'.  the  weight  of  tlie  tube  filled 

c"  —  c 
ilh  water,  c"  the  weight  of  the  tube  filled  with  blood,  then  -p 

■■ap.  gr.    This  method,  while  accurate.  rcf|uires  considerable  skill. 
(2)   Araometrical   Methods. — In   these   are   used    fluids   of   dif- 
ferent specific  gravities  into  which  a  drop  of  blood  is  introduced.     If 
Ilic  drop  nses,  it  means  that  the  specific  gravity  of  the  lluid  is  loo 

Iliiilh.  If  it  sinks,  too  low.  The  Roy  method  uses  a  scries  of  bottles 
with  fluids  of  various  specific  gravities,  into  samples  of  which  drops 
rof  bIcKxl  are  introduced  until  one  is  found  in  which  the  drop  neither 
iliies  nor  sinks. 
'  In  the  Hammersciilag  method  '"  n  mixture  of  benzol  and  chloro- 
fonti  is  used,  and  this  mi.\turc  modified  until  it  is  of  the  right  specific 
gravity.  A  glass  c)-linder  perfectly  clean  and  dry  (or  else  the  drop 
■  of  lilfiod  will  cling  to  the  side  o(  the  glass)  is  filled  with  a  mixture  of 
abuut  1058  specific  gravity.  The  drop  of  blood  is  then  introduced, 
'  best  through  a  capillary  tube  bent  at  the  end  at  right  angles  so  that 
the  drop  may  lie  bl'uvn  in  without  giving  to  it  an  wp  or  down  motion, 
ff  the  drop  rises,  benzol  is  added  ;  if  it  sinks,  chloroform.  .After  each 
addition  the  tluid  must  be  well  stirred.  The  mi.vture  cvajjoralcs.  hence 
"s  sjiecific  gravity  changes  rapidly,  and  since  there  is  an  interchange 
l^etween  the  blood  and  tiie  fiuid,  it  is  imponani  to  work  very  rapidly. 
to  confirm  the  result  by  a  fresh  drop  of  blood,  and  to  test  the 
Specific  gravity  of  the  mixture  before  any  evaporation  has  occurred, 
Tbc  drop  of  blood  may  be  removed  by  filtering  through  linen  before 
the  specific  gravity  is  tested.  Care  must  be  taken  that  no  bubble  of 
air  sticks  to  the  drop.  Slight  differences  in  temperature  m.ikc  con- 
siderable difference  in  the  result.  ( For  this  reason  Langlois  uses  that 
method.  He  changes  the  temperature  of  the  lluid  in  which  is  the  droj), 
then  when   the  drop  no  longer  moves,  reads  the  temperature  and 

•reckons  the  specific  gravity  from  this.) 
r     TTie  specific  gravity  of  the  serum  may  be  tested  by  filling  a  tube 
with  the  Itl'Hirl,     It  is  then  scaled  at  both  ends  and  allowed  to  stand 
upright  until  the  scrum  has  separated  well  from  the  clot.    The  tube  is 
then  broken  ami  a  drop  of  the  serum  tested  tn  the  same  xvay  as  the 


"  Wien.  M.  Woclinuchr,.  1890.  p.  lOiR 
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hardly  great,  since  the  compressibility  of  the  red  blood-cells  seems  to 
vary  in  different  conditions. 

The  spontaneous  sedimentation  of  the  red  blood-cells  is  recognized 
as  a  more  accurate  method  than  the  centrifuge. 

Marcano's  method:  Sodium  sulphate  solution,  sp.  gr,  1020,  lOO 
cc. ;  sodium  chloride,  i  gm. ;  formahn,  3  cc. 

In  a  special  pipette  the  blood  is  diluted  four  times  with  the  abovt- 
mentioned  fluid,  and  then  blown  into  a  graduated  conical  glass  and 
allowed  to  stand  twenty-four  hours.  The  volume  of  the  red  blood- 
cells  may  then  be  read  directly. 

The  normal  volume  is  50  jier  cent.  In  chlorosis  it  often  runs  as  low 
as  20  per  cent.,  while  in  pernicious  anseniia  even  9  per  cent.,  in  general 
depending  on  the  count,  but  the  determination  of  which  it  cannot 
replace. 

Coagulation. — The  results  obtained  have  until  recently  varied  so 
widely  that  but  little  confidence  can  be  placed  in  them.  ■  The  time 
required  for  the  coagulation  of  the  blood  outside  of  the  body  depends 
upon  many  conditions,  and  uniformity  of  technique  is  very  important; 
among  other  things  it  depends  upon  the  time  the  blood  is  in  contact 
with  the  tissues  of  the  incision,  the  coagulation  being  slower  from  a 
deep  cut  than  from  a  superficial  one  (a  difference  of  three  minutes); 
upon  the  pressure  made  on  the  skin  to  force  the  bleeding ;    upon  the 
amount  of  blood  allowed  to  flow ;    the  nature  of  the  vessel   which 
receives  it;    and  upon  the  temperature.     The  second  drop  of  blood 
coagulates  more  rea<li!y  than  does  the  first,  and  the  last  drops  from 
a  wound  may  clot  even  ten  minutes  faster  than  the  first,  while  in  the 
same  individual  at  the  same  time  the  bhxid  taken  from  different  parts 
nf  the  body  coagulates  with  different  rapidities.    Again,  the  time  varies 
at  different  hours  of  the  day:    being  shorter  in  the  morning  than  in 
the  afternoon;    it  should  not  be  tested  soon  after  a  meal,  since  the 
time  is  influenced  by  certain  foods  and  drugs. 

Atliied  to  all  these  \Tiri,ihle  factors  is  the  belief  that  coagulation 
outside  of  the  body  is  in  .-^ome  way  a  different  process  from  intra- 
vascular coagulation,  so  that  "  we  cannot  bring  the  appearance  of 
coagulation  in  the  living  vessel  into  direct  parallel  with  coagulatinn  of 
hlood  as  ordinarily  umlerstnod"  (Welch).  For  instance,  in  typhoid 
fever,  ana-mia.  and  cachexia  thrnmlHisis  is  cnmninn,  yet  the  fibrin  con- 
tent of  the  hlooil  is  low:  while  in  pneumonia  an<l  acute  articular 
rheumatism  thromliosis  is  seldoni.  and  yet  the  fibrin  content  is  high, 
'i'et  concerning  the  rapidity  of  clot  formation  in  the  \vound.  the  point 
■  if  greatest  interest  to  the  surgeon,  the  results  nf  experiments  give  ns 
the  hope  to  obtain  a  fairlv  correct  idea  from  our  clinical  methods. 

The  bl<iod  may  be  nblaineil  from  a  well  cleansc<l  finger  or  ear. 
The  flow  must  he  free  and  pressure  avoided.     The  first  drop  is  wiped 
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off  and  the  second  used.  The  time  is  reckoned  from  the  appearance 
of  the  drop  on  the  skin.  Only  drops  which  well  up  are  to  be  used. 
The  hemorrhage  may  be  retarded  by  pressure  between  drops. 

Among  the  oEder  methods  is  Hayem's.  who  received  the  blood  into  a  gradu- 
ated cylinder  and  considered  it  coagidaled  when  the  cylinder  could  be  tilted 
■iihoui  the  blood  mass  changing  shape.  Another  way  was  lo  receive  a  large 
drop  on  a  clean  side  and  test  its  consistency  from  time  to  time  wilh  a  [leedlv. 
Others  put  on  a  cover-glass  and  watched  for  the  appearance  of  filinii  wilh  the 
microscope.  The  above  have  been  discarded,  since  the  results  were  never  uniform. 
ViERORDT's  Method. — This  method  has  simplicity  to  recommend  il.  A  while 
horse-hair  lo  cm.  long  is  boiled  in  alcohol  and  ether.  A  capillary  tube  S  cm.  long 
and  of  I  mm.  bore  is  thoroughly  washed  and  dried  also  in  alcohol  and  ether. 
A  drop  of  blood  e'ving  a  column  about  5  mm.  long  is  receK'cd  into  the  tube  and 
the  white  .horse-hair  run  through  it.  Each  minute  the  hair  is  pulled  .slightly 
through  the  drop.  The  first  appearance  of  coagulation  is  shown  by  a  slight  red- 
dish stain  on  the  hair,  which  after  the  blood  is  well  coagulated  will  again  appear 
clean.  It  is  of  greatest  importance  thai  ihal  part  of  the  horse-hair  which  is  to 
come  into  contact  with  the  blood  should  not  have  been  touched  with  the  fingers. 
The  amount  of  blood  should  be  esacily  the  same  each  time,  since  the  coagulation 
time  depends  directly  upon  the  amount  of  blood. 

All  results  should  be  confirmed  by  a   second  determination. 

Wright's  Method. — The  apparatus  as  commonly  used  consists 
of  a  dozen  capillary  tubes  and  a  small  vessel  in  which  water  is  kept  at 
the  required  temperature.  The  tubes  are  numbered  and  a  certain 
amount  of  blood  drawn  into  each,  the  time  of  Uieir  filling  being  regis- 
tered. After  minute  intervals  the  tubes  are  e.xamined  by  blowing 
slightly  into  them,  and  the  appearance  of  coagulation  is  detectctl  \>y 
the  readiness  with  which  the  drop  will  mr.ve.  N'o  tube  can  Ije  twice 
tried,  hence  the  tubes  must  lie  examinetl  in  such  an  order  that  various 
inten-als  of  time  may  be  represented.  While  the  tubes  are  waiting, 
they  should  be  kept  at  a  temperature  '.f  either  ^j  ■  C.  or.  belter  still. 
'8.5°  C.  This  method  Ehrlich  considers  gives  comparable  results. 
It  is  one  in  common  use.  and  yet  Wright  has  more  recently  repudiated 
't.  using  fine  capillan'  tubes  into  which  a  measured  amount  of  bl'Xid 
'Sfirawn  and  the  presence  of  the  clot  detected  l»y  blowing  it  out  onto 
Wotting-paper. 

The  method  now  considered   the  f>est   is  that   of   Rikskll   ani» 

Bhodie.  which  uses  the  microscope.    The  apparatus  consists  of  a  moist 

diamber  with  a  glass  bottf>m  which  can  be  placed  upi-n  the  stage  01 

'he  microscope,  while  the  upper  surface  i-  a  truncated  cmc  of  gla-- 

projecting  downward  into  the  moist  chaml>er.     The  lower  surfrnc  ■.! 

Ihis  is  of  a  definite  size  (about  4  mm,  in  diameter  1.  and  fin  il  i-  jilai'rd 

a  drop  of  blood,  care  being  taken  that  the  dr"p  '.nlv  jn-t  '■.■.■(f-  ll"- 

surface,  hence  is  always  of  the  -an'c  -i^e.     The  '/l.ii-  ■-  'V'r-;  'yi'V.]-: 

fitted  into  the  moist  chamlxr,      Throtigh   t'-e   :;'!(.-  ■  •   '•.'■■-   ■'  :.:7,tM-r 

projects  a  fine  tube,  through  v.hich.  by  "»--=  'i   ■■   '.■■'..   -■    I'-u']'- 

stream  of  air  can  be  directed  iigsin-t  !':e  lil '.■.-;.     Wi'-i  ']'-  ]■.•■:■  vi-m-v 
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of  the  microscope  the  cells  are  then  watched  as  thus  agitated  until 
they  are  seen  to  move  in  clumps. 

This  method  is  the  most  accurate  yet  devised.  The  original  appa- 
ratus of  Russeii  and  Brndie  "  has  been  modified  recently,  a  much 
cheaper  one  devised  by  Pratt,  in  which  the  glass  cone  is  dispensed 
with,  and  a  still  better  one  by  Boggs.     The  Boggs  apparatus  has  the 

advantage  of  a  metal  tube  and  the 
impro\-ed  glass  cone,  althougli  the 
peripheral  jacket,  in  which  water  of 
a  certain  temperature  can  be  circu- 
lated, is  not  present,  nor  is  this  very 
necessary.      (See  Fig.  99.) 

As  little  blowing  and  at  as  long 
intervals  as  possible  should  be  done. 
The  corpuscles  will  at  first  move 
freely  and  independently  of  one  another  (see  Fig.  100.  A),  then  in 
clumps  on  the  periphery,  B.  As  the  process  of  coagulation  continues, 
the  masses  of  corpuscles  will  no  longer  move  in  the  dr(^,  but  the  drop 
changes  shape  en  masse,  the  corpuscles  sho^ving  first  an  elastic  concen- 
tric motion.  C.  and  finally  an  elastic  radial  motion,  D;  that  is.  the  cur- 
rent of  air  will  cause  the  masses  of  corpuscles  to  move  toward  the 


Fic.  99.— CongulomtiM-  of  RumH  ind  Brodlr 
■■  modiliei)  by  Boff[>-  A,  Rioist  chamber,  B.  cnnE 
of  gla»  The  lower  ftuHtce  of  which  holds  the  drop 
dT  blood;  C,  a\dt  lube;  D  niid  E,  cover.EllH; 
ml  E.  >  pinhole. 


n 


Fig.  100. — Diagram  to  iltuslrale  Ihe  movemenl  oi  the  cells  during  coagulation. 


centre,  and  lo  quickly  spring  back  to  their  original  position  when  the 
current  of  air  ceases.  Tliis  is  taken  as  the  final  point,  since  only  now  can 
a  clot  be  denionstrate<l  if  tlie  disk  be  ([uickly  removed  and  the  drop!* 
touched  to  a  piece  of  titter  paper.  All  clots  should  be  confirmed  in  this 
way.     Sometimes  a  "  vicious  circle"  is  set  up  in  the  drop,  which  clots 

"Journ.  Phys.,  May   12,  1897. 
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icrj'wtiere  hut  one  point  where  ihe  hinod  reiliains  finid.  Such  a 
rop  shf«il(I  1>c  (liscanlcd  and  another  altciiipt  made.  It  is  «Uie  to  too 
ird  bU^witifr. 

Successive  records  at  intervals  of  5  to  10  minutes  should  not  vary 
wr  30  to  45  seconds. 

Muxian's  hetkoii  is  a  inodificatioiii  of  Haycni'k  This  tncilmd  wlucli  i^  con- 
itnbly  in  i-ugac  smpng  the  I-'rench  11  to  plncc  a  drop  of  blcxid  tin  a  clean 
l)u  <ilidr.  to  covrr  il  by  h  i-ryntallliinf;  dish  lo  prevent  very  niuoli  evaporation, 
loi  >t  slated  inlervah  10  till  the  ilidc,  and  from  the  ch.ingc  in  ihapc  of  the  drop 
i  blnod  can  lie  deteiniinvit  llie  ooajfulaliuii  ponn  By  iiMriK  this  method  niofil 
nackablc  results  have  bvun  oliiaincd,  iltc  congublinn  lime  extending  even  into 
nm.  The  method  hiia  been  teiicd  under  Dr  BuKKi'i  direction)  in  this  dinic  by 
Itsin.  Ilinman  and  Sladrii,  H'hn  havr  fount!  thai  very  much  depends  on  the 
It  o(  the  diop  of  blood  and  the  evaporation 
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liat  coagulation  time  to  he  considered  normal  v,i\\  depend  not 
OIK  on  the  instrument  used, hut  on  the  jxjint  cnusi<k'red  the  eml.  Using 
K  tfoggs  instrument  Messrs.  Hinmaii  and  Slaileti  found  it  to  vary 
om  three  to  eight  minutes,  an  average  of  five  minutes  six  seconds, 
longer  time  than  some  others,  since  they  chose  a  later  jioint  as  the 
wL  (Brodte  and  Russell,  three  and  a  half  minutes;  Murphy  and 
loald,  three  minutes,  eleven  seconds;  Pratt,  four  to  five  minutes.) 
ibovt  nine  minutes  means  delay  in  coagulation. 

So  many  methods  have  been  used  and  of  such  varying  value  that 
1  is  (lifficuh  to  put  in  order  the  findings  concerning  the  coagulation. 
Ml  are,  however,  unanimous  conceniing  the  following  point:  In  the 
OTiiirrhagic  di.itheses  the  coagulation  time  of  the  IjIoikI  is  immensely 
ntrtascd.  In  some  cases  uf  hannophilja  it  rcnuircs  fifty  minutes, 
"Hie  in  certain  of  the  purpuras  from  ten  to  fifteen  or  more.  In 
(ing-stamling  jaundice  the  coagulation  time  is  increased,  a  point  which 
Wtrests  surgeons,  and  in  this  clinic  in  cases  of  jaundice  with  delayed 
oapilaiion  an  ojieration  is  never  performed  until  it  has  l)een  de- 
Ceawd  to  ahout  five  ininnles  hy  a  long  course  of  calciimi  chloride. 
'he  coagulation  time  is  diniinislie<l  iu  stasis  due  to  any  cause,  after 
^tcti  hemorrhages,  transfusion,  hunger,  by  calcium  chloride,  and 
t^  carbon  dioxide.  In  this  clinic  the  gelatin  injection  method  for  the 
Be  of  aneurism  has  been  given  a  fair  trial  and  was  finally  ahandoncd, 
kI  furtlicr  work  throws  considerable  doubt  on  the  value  of  the  incthod, 
p  this  connection  it  has  been  shown  thai  the  ;;elatin  of  commerce 
inlains  considerable  calcium,  and  that  if  ilecalctfied  gelatin  l>e  uied 
t  results  are  (juite  <tiffereiit. 

Fibrin  Diagnosis — If  very  thick   smears  of  blood   be  made,  the 
irin  m.iy  Ik:  ■^ccn  to  radiate  in  strands  through  the  specimen, 
om  masses  of  platelets.    These  smears  are  alloweil  to  stand 
wler  the  Iwll-jar      If  desired  they  may  then  he  w.ished  I« 

Hvater  which  will  remove  die  ha-'moglohin,  .nnd 
. : . 
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left  may  be  stained  with  fuchsin  and  the  specimen  mounted.  When 
examined  fresh  the  specimen  should  be  closed  with  vaseline  to  prevent 
evaporation.  Those  diseases  in  which  most  fibrin  is  seen  are  pneu- 
monia and  acute  articular  rheumatism.  In  the  former  case  it  is 
suggested  as  a  differential  point  against  tuberculous  pneumonia. 

BACTERIOLOGY   OF   THE   BLOOD  * 

Before  undertaking  cultural  studies  on  the  blood  the  observer  must 
have  a  thorough  working  knowledge  of  the  principles  of  bacteriological 
technique.  We  shall  therefore  consider  below  only  such  special  points 
as  may  be  useful  in  applying  general  bacteriology  to  the  study  of 
the  blood. 

Technique — The  success  of  blood-cultures  is  in  part  dependent 
upon  the  obtaining  of  a  sufficient  quantity  of  blood  for  obsen'ation, 
15  or  20  cc.  being  the  usual  amount  withdrawn.  In  general,  the 
median  basilic  or  cephalic  vein  is  chosen  for  the  operation,  the  needle 
being  passed  through  the  skin  into  the  vessel  selected.  If  for  any 
reason  these  be  not  available,  a  smaller  vein  on  the  dorsum  of  the 
hand  or  foot  may  be  used.  Incision  of  the  skin  to  expose  the  vein, 
while  practised  by  some,  is  not  generally  to  be  recommended,  as  it 
increases  the  discomfort  to  the  patient.  In  very  fat  or  oedematous 
individuals,  however,  we  may  be  obliged  to  divide  the  skin  and  sub- 
cutaneous fat  to  find  any  vein  large  enough  for  use. 

If  the  cleansing  of  the  surface  be  carefully  carried  out,  the  chance 
of  contamination  by  skin  organisms  is  negligible. 

Ordinarily,  the  site  of  operatifm  is  scrubbed  with  green  soap  and 
hot  water,  then  rubbed  over  with  saturated  solution  of  potassium 
permanganate,  followed  by  oxalic  acid,  washed  with  ether  and  alcohol, 
and  then  covered  with  a  wet  bichloride  f  i  in  1000)  compress  tor  an 
hour  or  more  before  the  puncture.  If  there  be  haste  and  the  usual 
materials  for  cleansing  wanting,  the  skin  may  be  briskly  rubbed  with 
a  sponge  of  cotton  or  gauze  slightly  moistened  with  pure  carbolic  acid 
until  a  faint  whitening  is  visible,  and  then  plentifully  washed  with 
95  per  cent,  alcohol  and  the  culture  made  at  once.  Properly  carried 
nut.  this  latter  method  gives  perfect  cleansing,  and  usually  nn  incon- 
venience to  the  patient,  though  a  slight  transient  dermatitis  with 
desquamation  may  result. 

The  syringe  should  be  of  the  usual  antitoxin  type,  and  haw  a 
capacitv  of  20  cc.  Care  should  be  used  in  selecting  one  which  has 
the  glass  barrel  perfectly  true  throughout  its  length. 

The  packing  of  the  piston  should  he  of  asbestos  and  very  tight. 
Such  a  svringe  may  be  boiled  with  impunity.  In  place  of  the  nrdinan" 
washer  for  the  needle  a  piece  of  soft  black  rubber  tubing  should  be 

•  Frir  lliis  ■'(■clioii  I  am  indchleil  tn  T)t.  Thonins  R.  Boi^g':. 
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cut  and,  after  pcrfuratitig  with  a  pin,  slipped  over  the  nipple.  This 
wiihstaiids  txiilittg  lunger  ^iiU  give^  a  tig1u<:r  juint. 

The  nccdic  should  be  sliurt  aiul  stilY,  sJiarj),  and  of  mocterately 
hrge  calibre,  and  may  be  of  steel  or  iritlo-platinum.  To  sterilize,  the 
synnge  and  needle  are  builcd  fifteen  niinules.  ur  they  may  be  sterilized 
in  the  antoclavc.  It  i:s  well  lo  iiave  a  forceps  boiled  and  use  tins  in 
pulling  tlic  needle  on  the  syringe.  Do  not  use  the  syringe  until  cuol, 
asihc  heal  in;iy  materially  hasten  the  cuagiilalion  ui  the  blood. 

\  moderately  liglit  bandage  i-i^  placed  proximal  to  ihe  site  of  opera- 
tion to  tliiitend  the  vein,  and  the  nccdic  plunged  through  the  skin, 
which  may  be  an:e»ihetized  with  ethyl  chloride  spray,  direcily  into  the 
vein.  The  piston  is  drawn  slowly  and  the  syringe  allowed  to  till  with 
blood,  if  the  bandage  is  removed  before  withdrawing  the  needle, 
there  will  be  no  flow  of  blood  to  distress  ihe  paiient.  After  with- 
draual.  the  nccdic  and  washer  arc  removed  and  the  media  inoculated 
ijBldtly.  Always  pass  the  tip  of  the  syringe  through  the  flanie  of  an 
alcohol  lamp  before  inoculating  each  tube. 

Agar  tubes  melted  and  cooled  to  aiiout  45"  C.  are  used  for  making 
fines.  Bouillon  and  litmus  milk  in  flasks  containing  100  cc.  are  pr^ 
ferred  for  fluid  media.  Or  3  number  of  tubes  may  be  substituted  for 
each  flask,  Tlic  plates  should  be  poured  first  before  any  coagulation 
bs  taken  place. 

The  amount  of  blood  in  each  tube  or  flask  is  varied  somewhat 
sccording  to  the  tj"pc  of  organisms  suspected  to  be  present,  from 
tqiial  ports  of  blood  and  agar  to  one  volume  of  blood  in  five  of  agar; 
in  flasks  i  to  2  ce.  in  100  cc.  of  medium.  Tn  general,  we  increase 
the  amount  of  blood  where  the  feebler  growing  organisms  as  gono- 
(titcus  or  pneumoctKcns  are  suspected. 

The  memlwrs  ttf  the  colon  group  frrow  better  in  flasks  of  bouillon, 
Ifce  pncumococcus  better  in  milk.  Anaerobic  adtures  may  be  made  in 
'he  ordinary  ways. 

If  after  twcntj'-four  hours"  incubation  the  plates  show  only  a  few 
Surface  colonies,  contamination  may  be  reckoned  upon.  Only  deep 
Colonies  occurring  alike  in  several  or  all  plates  should  be  nscd  for 
'ubcultiirc.  True  mixed  infection  in  the  blood  is  uncommon.  Plates 
Iml  fiadcs  should  be  examined  daily  for  three  or  four  d,iys  before  dis- 
arding  as  sterile,  as  small  colonies  deep  in  the  opaque  media  may  not 
ippcar  in  the  fir?t  twenty-four  or  fnrty-cight  hours. 

Value  of  Blood  Cultures  for  Diagnosis — With  the  increase  of 
iiiblic  and  private  laboratory-  facilities  in  many  of  our  cities  blood- 
nltures  have  become  much  more  available  as  an  aid  to  diagnosis.  Tn 
nany  instance*  they  afford  the  only  means  of  accurate  ante-mortem 
liagnosis. 

The  pyogenic   organisms    fstreptococci   and    staphytoeocc: 


436  CLINICAL   DIAGNOSIS 

usually  readily  demonstrated  in  cases  of  general  infections,  osteomy^ 
litis  or  malignant  endocarditis  being  due  to  their  presence.  Some 
idea  of  the  intensity  of  the  infection  may  be  gathered  from  the  number 
of  colonies  per  cubic  centimetre  of  blood. 

Typhoid  bacilli  have  been  demonstrated  in  the  blood  in  upu-ard 
of  75  per  cent,  of  a  series  of  cases  by  Cole,  Buxton,  SchatmulJcr, 
Hewlett,  and  others,  often  days  or  even  weeks  before  the  Widal  test 
is  positive. 

In  the  paracolon  infections  the  isolation  of  the  organism  from  the 
blood  or  stools  forms  the  only  definite  means  of  differentiation. 

In  pnenmococcus  infections  the  percentage  of  positive  cultures  is 
less  but  stilt  large,  the  organism  being  found  principally  in  the  graver 
cases. 

Among  other  organisms  of  less  frequent  occurrence  in  the  blood 
during  Hfe  may  be  mentioned:  B.  aerogenes  capsulatus,  B.  coli,  B. 
pyocyaneus,  B.  anthracis,  etc. 

As  blood-culture  involves  but  little  inconvenience  to  the  patient 
it  may  be  repeated  if  the  first  be  negative  or  demand  confirmation. 

AGGLUTINATION    PHENOMENA 

Through  the  action  of  certain  bacteria  on  the  tissues  there  are 
produced  in  the  blood  soluble  bodies  known  as  agglutinins.  These 
agglutinins,  when  sufficiently  concentrated,  have  the  property  of 
clumping  and  rendering  non-motile  the  specific  organism  whose  activi- 
ties gave  rise  to  their  production. 

The  nature  of  the  interaction  between  tlie  bacteria  and  llif 
agglutinating  serum  is  unknown.  Theoretical  discussion  of  the  phe- 
nomena wou]<l  carry  us  too  far  afield.'^ 

Gruber-Widal  Test. — This  is  the  agglutination  phenomenon  ap- 
plied to  tlie  diagnosis  of  typhoid  fever. 

Ci'LTiREs. — A  standard  stock  culture  of  B.  typhosus  shonlil  be 
kept  tor  this  purjiose.  .-\n  organism  cultivated  through  many  genera- 
tions on  artificial  n;edia  is  preferred. 

From  this  stock  fresh  cultures  on  agar  are  grown  from  twelve  ta 
twenty-four  hours  for  use  in  the  test.  Some  authorities  prefer 
fresh  (ten  to  eiglueen  hours)  bouillon  cultures  from  the  stock.  Others 
use  bouillon  cuhurcs  killed  by  the  addition  of  carbolic  acid,  foruwlin. 
or  other  t<ixic  substances.  Hastings  has  devised  a  method,  based  i'" 
analysis  of  Picker's  "  Typhus  <liagnosticum."  which  yields  verv  saii^- 
factory,  and  stable-killed  cultures. — viz. :  To  a  mixture  of  aqtieoii? 
5  per  cent,  carliolic  aciii.  5  cc,  of  glycerin.  10  cc,  of  sterile  0.8  pef 
ceiu.  sodium  chloride  sol..  85  cc.  are  added  the  organisms  scraped  fron 

'"For  full  |irc5cntatirin  with  lileraliirc,  ^ec  Paltaiif.  Kollc  11.  ^Vas^^c^lnlnn s 
Hanrfbuch  cier  paih    Microorganism  en.   Bd.  iv,  Teil   i.   S.  645. 
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^enty-four-hoiir  agar  slam  cultures  of  tli«  typlioid  bacillus.  The 
being  gradually  and  thoroughly  ruhbcd  into  the  solution  vvitli 
II  spatula,  allow  tu  stand  live  ur  six  days  before  using.  This 
i  t^  mixing  with  e<|ual  volumes  of  the  diluted  sera.  Living 
ultiires  may  give  rise  to  confusion  from  the  presence  of  clumps 
)  the  growth  of  the  organism.  Of  the  dead  cultures,  those 
witli  weak  carbolic  arc  preferred,  as  formalin  may  cause  prc- 
ion  of  prolciils  from  the  scrum  in  floccuH. 
e  enuiUiiying  of  the  fresh  culture  from  agar  (rather  dry  slants 
5t)  in  0.8  per  cent,  salt  solution,  or  in  bouillon,  seems  to  olTer 
D«l  satisfactorj-  results.  Tliis  is  very  readily  accomplished  by 
of  a  rather  stiff  loop,  a  loopful  of  the  growth  being  ruhlrcd 
t  the  side  of  the  tube  of  salt  solution  until  thor- 
■  broken  up  and  then  gradually  mixed  with  the 
Tlie  size  of  the  loop  gives  a  fairly  quantitative 
rement  of  the  amount  of  culture  used  and  the  at- 
Tit  of  a  suspension  free  from  chmips  is  easy. 
Li.ECTi.VG  THE  Blood. — Glass  tubes  two  inches  in 
by  one-tiuarter  inch  in  diameter  are  drawn  out 
capillan-  at  either  end  and  kept  on  hand  for  the 
e.    (See  Fig.  lOi.) 

jm  a  free  flowing  puncture  in  the  ear  or  finger- 
blood  is  drawn  into  the  tube  by  capillary  atirac- 
itil  it  is  two-thirds  full.  Tlic  tube  is  then  placed 
a  table  until  the  blood  has  clotted  and  the  serum 
rateil  from  the  coagulum.  The  tube  is  then  filed 
okcn  at  a  point  ju.^!  beyond  the  clot  and  the  serum 
awn  with  a  capillary  pipette.  If  a  centrifuge  is 
lie,  the  process  of  separation  may  be  hastened  and 
;I(1  of  serum  increased  by  scaling  the  tip  of  tube 
is  free  from  blood  in  a  flame  and  centrifugal izing 
minutes,  when  the  clot  and  corpuscles  will  be  con- 
in  the  lower  end  and  the  scnun  left  as  a  clear 
bove.  If  it  is  devired  to  preserve  the  specimen  or 
d  it  away,  both  its  ends  tnav  be  scaled  in  the 
.r  with  sealing-wax.  Senun  isbest  kept  after  sep-  .T.rlVS 
I  from  the  corpuscles  in  a  sterile  tube.  If  larger  ^, bi™.j  i. cioii.n« 
f  bloorl  are  required,  a  vein  should  be  aspirated  ;;^;'„'r,«|i..u;^ 
Bj'ringc  as  in  the  procedure  for  blood-culture.  (mmtbemidBt.  *, 
LUTING  Seri'm. — To  obtain  the  dilution  of  serum  ^^,"1,^  "" 
\  ihe  reaction  a  nundier  nf  methods  arc  employed. 
[>le  and  very  satisfactory  method  is  as  follows:  A  piece  of  one- 
r-inch glass  tubing  is  drawn  into  a  long  capillary,  as  shown  in 
Hiis  is  plunged  into  the  scrum  in  the  collecting  tube  and  the 
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capillary  allowed  to  fill,  care  being  taken  to  avoid  stirring  up  the  cor- 
puscular layer.  From  this  capillary  the  serum  is  dropped  into  the 
tubes  or  dishes  in  which  the  dilutions  are  to  be  made.  A  small  wawr- 
color  palette  of  porcelain  is  very  convenient  for  making  a  number  of 
dilutions.  Salt-cellars  or  watch-crystals  may  be  used.  As  a  routine 
at  least  two  dilutions  of  each  serum  should  be  made,  i  to  i  o  and  i  to  jO, 
For  this  purpose  we  proceed  as  follows :  To  the  first  drop  of 
serum  we  add  4  drops  of  0.8  per  cent,  salt  solution  dropped  from 
the  same  pipette,  which  has  been  washed  out  with  distilled  water 
to  remove  any  trace  of  serum,  and  then  dried  in  the  flame.  To  the 
second  drop  of  serum  24  drops  of  salt  solution  are  added  giving 
dilutions  of  i  in  5  and  i  in  25.  Now,  the  addition  to  any  portion  of 
these  dilutions  of  an  equal  volume  of  the  suspension  of  tne  typhoid 
culture  will  give  us  dilutions  of  i/io  and  1/50.  In  the  same  way 
any  desired  dilution  may  be  made.  If  greater  accuracy  or  very  high 
dilutions  be  required,  special  mixing  pipettes  similar  to  the  Zeiss 
itielangeur  for  blood  counting  may  be  employed,  .\gain,  dilutions 
may  be  made  directly  from  the  whole  blood  with  such  a  melangeur, 
using  salt  solution  as  diluting  fluid  and  counting  each  two  volumes 


e 


Fic.  lo. — Tube  vied  for  dilating  tenim. 

of  bky*d  as  one  \olume  of  serum.  The  mixture  is  allowed  to  settle 
or.  U'ltor.  is  centriiugalized  before  using.  With  the  diluted  serum  we 
can  n«>\v  prtveed  to  the  macroscopic  or  microscopic  tests. 

A.  M.vcBOSCOi'ic  Method. — This  method  depends  on  the  agglu- 
tination oi  iht'  ('rt:tini>nis  into  clumps  visible  to  the  naked  eye  and 
the  eventual  |>rei-ipitation  of  the  clumps,  leaving  a  clear  supernatant 
liv.iit.  The  *erum  i>  i!i!-.:iei.l  in  a  test-tul^  of  small  calibre,  and  the 
o:i;.iiii^n)s  avldis!  either  as  a  suspension  of  living  or  killed  cultures; 
(■r.  \\:;.u  is  ivrhaps  n\rc-  convenient,  the  full  dilution,  as  i  in  50  or 
I  in  K\\  is  made  witii  s.ilt  solution  and  the  organisms  from  scM 
ci!!i;:;-o  >;-.si>c:;devi  direv-tiy  n:  the  diluted  serum,  as  described  in  the 
foici;.';;;!;  sovii.Mi.  T':e  f.;be  is  then  examined  by  strong  transmitted 
Iii;!:;  ;«■  st-e  !;-,u  its  oor.tetit?  are  homogenetnis  and  free  from  a(ci- 
lii-nt.t',  c';:";p>.  .\  narrow  band  of  light  from  a  lamp  enclosed  by  a 
scrwn  .ii.is  i;;  .;c:ec!i;'.,c  the  early  appearance  of  clumping.  .\  positive 
;c>:  •>  ux-k.  v.tNl  -.■  t'-tre  V  ceiieral  clumping  at  a  dihilion  of  i  50  "i 
V.;!;!u"  ■:;  >'"X'  ':.>~::r  with  c.^n'pleie  precipitation.  leaving  a  clear  super- 
:■„;,;■■;  t";-.-;  .-.•ter  :\\o:t;y-:or.r  hour?.  The  reaction  is  hastened  if  the 
:-,:!v  .*.:c  ■.•  ■"■^"^"'■-  "■■  -'"f  t"-.o-r!v-'>;ri:. 

'.'':-  •"("*•, \'.  'A-  the  .";."v.v:r;i:e  of  simplicity  in  that  no  micro«cf>pe 
r-;  ;(\",":o.'  .•."..'  t'-,-.t  k:''.^i  cidr.tres  may  be  emplov-cd,  thus  obviating 
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the  necessity  for  a  thermostat  and  culture  media.  The  "  Typhus 
diagnosticum"  of  Ficker,"  now  so  widely  used  in  Germany,  is  a  prepa- 
ration of  killed  cultures,  the  formula  for  which  is  kept  secret.  More 
cwnplete  details  of  this  method  and  its  results  will  be  found  in  a 
recent  paper  by  Borden.'* 

Several  pharmaceutical  laboratories  in  this  country  now  make  and 
sell  killed  cultures  for  the  macroscopic  Widal. 

B,  Th  e  Microscopic  Method. — The  diluted  serum  may  be 
mixed  with  the  requisite  volume  of  the  typhoid  suspension  by  the  use 
of  pipettes,  as  above  noted,  and  a  drop  of  the  mixture  taken  for  obser- 
vation on  a  hanging  drop  slide.  Or  we  may  mix  the  two  on  the 
cover-slip  directly.     To  do  this  we  use  a  platinum  loop  of  stiff  wire, 


Fic.  loj.— Widal  t«I.    Field  ol  motile  oreaniimi.    X  ooo. 

the  plane  of  the  loop  being  at  right  angles  to  the  handle  and  the 
diameter  of  the  loop  being  constant.  The  loop  is  dipped  vertically 
into  the  serum  dilution  and  the  drop  so  obtained  placed  on  the  centre 
of  the  cover-slip.  The  loop  is  flamed  off  and  dipped  into  the  typhoid 
suspension  in  the  same  way,  and  the  two  drops  thoroughly  mixed  on 
the  cover-slip.  Approximately  equal  volumes  are  readily  obtained 
by  this  simple  method,  enabling  us  to  secure  any  desired  dilution. 
The  cover-slip  is  then  inverted  over  the  well  of  a  hanging  drop  slide 
which  has  previously  been  ringed  about  with  olive  oil  or  vaseline, 
and  the  preparation  is  then  ready  for  examination.  The  hanging  drop 
is  observed  with  a  moderately  high  dry  lens  (Zeiss  D,  or  Leitz  i/6 
in.),  and  is  seen  best  by  artificial  illumination.  The  Argand  burner 
or  oit-Iamp  with  a  yellow  flame  is  preferred.  The  light  is  stopped 
down  with  the  diaphragm  so  as  tn  bring  out  the  refractivity  of  the 
bacteria. 

"Berl.  k!in,   Wochenschr.,    190,1.   No.   45. 
"Medical  News,  March  18,  IQ05.. 
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'Hie  freshly  made  liaiigiii^  ilro|)  j^hoiiM  he  free  from  cltuiipt  antt 
show   the  organiiiiii!;  active!)'   swimming  .ihout   in   addition  to  tlicir 
Hruwnian  iiioliuii.      (See  i^ig.    103.}      After  the  lapse  of  one  Imtir. 
if  the  test  is  positive,  the  orgaiiisitiN  will  be  seai  to  be  collected  cmirdy 
in  clumps  and  to  have  lost  their  motility:    this  at  a  rlilittHXi  of  Ijcri 
or  higlicr.     (Sec  Fig.    104,)     The  |ircseiicc  of  two  or  three  fi^r* 
orgnni^ms  in  n  field  otherwise  well  cliiinped  it  consiflcred  tioi 
vitiate  the  test. 

It  is  freiiiicnlly  imticeil  that  the  ehniiping  is  better  at  the  hi^l 
dilutions,  while  there  may  he  very  marked  hacleriolysis  at   I  in 
<ir  I  in  20  (ir  even  higher  dilutions.     Many  normal  sera  will  ^^— ^ 
l»erfect  agghilinations  at  i  in  10.  and  show  no  trace  of  the  rcacii' 


FlO.  lot.— WIdal  IcM.    FIdd  o[  ■ciilutiiMKiI  orKi>n'*>ii*-     K  4C0. 

at  I  in  50  or  higher  dilutions,  t-lcnce  tests  based  on  tlie  low  dilutions 
alone  are  nnreliable.  The  macroscopic  method  has  rapidly  gained 
favor  in  the  Ijcsi  laboratories,  and  i.*  probably  less  open  to  error  tlian 
the  microscopic,  provided  strict  limits  of  time  and  dilution  (one  hour 
at  dilution  of  1  in  50  or  higher)  are  observed.  There  is  so  tmtch 
variation  in  the  determination  of  microscopic  chimping  by  different 
observers  that  it  is  often  difficult  to  coinjiarc  their  results.  Sonie 
authors  consider  any  aggregation  of  a  very  few  organisms  .iggKi- 
lination.  These  differences  have  led  to  much  confusion,  iiarticularly 
in  experimental  work. 

Adr.i.i'xrNATioN  with  DKiRn  Bi.onn, — Tliis  method  is  based  on 
the  use  of  blood  dried  on  glass,  lin-foil,  or  glared  paper,  and  is  only 
accurate  where  the  blood  is  carefully  weighed  and  the  dilution  based 
on  weight  insle.id  nf  volume.  Il^  sole  recommendation  is  the  con- 
venience with  whidi  the  blood  so  dried  may  be  transported. 
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Taiue  of  AggTutuution  Reactions  in  Typhoid  Fever. — Wliile  Ilie 
Wi(UiI  rcactuin  very  rarely  fails  la  Jipjwar  in  typhuid  (ever,  it  may  l)e 
lung  delayed  and  is  imt  often  )iresent  before  the  seventh  or  eiglilh 
tUy,  so  thac  il  is  often  no  nid  to  early  dianiiosis.  Still,  it  remains  our 
niosl  certain  confirmatory  test  and  is  indispensable  in  abortive,  doubt- 
ful, and  obscure  cases. 

llie  persistence  of  ilic  agglutinative  reaction  is  variable,  tlie  limits 
being  from  a  few  weeks  to  nwniy  years.  Some  cases  of  long  pcrsi>tcnl 
W'idal  have  been  attributed  to  the  presence  of  typhoid  bacilli  in  the 
gall-bladder,  in  gall-stones,  or  in  the  urinary  bladder. 

Ilie  agglutination  of  B.  typhosus  by  normal  sera  at  the  standirri 
dilutions.  1/50  in  one  hour,  is  so  rare  as  to  be  negligible. 

The  ijnestion  of  "  associated  agglutinations  "  in  which  the  serum 
agghitinaies  two  or  more  organisms  closely  related,  as  B.  cnli,  B. 
alknligines.  .tnd  B.  typhosus,  is  too  com]jlicated  to  find  place  here. 
Suflice  it  to  say  that  the  limited  time  and  the  high  dihttion  employed 
tn  our  tests  is  sntllcicnl  In  give  us  reliable  specific  results. 

Paracolon    Infections. — While    these    often    give   highly   specific 

agglut  mat  ions,  llic  presence  of  associated  agglutinins  should  be  con- 

sidcml  and  the  diagnosis  of  any  one  type  of  paracolon  by  .-igglutina- 

ticni  reaction  only  would  be  open  to  error  unless  eultnres  are  made 

iw  crmfirniation. 

Other  Agglutinations. — Tlie  agglutination  reactions  have  lieeii 
appliefl  to  many  dilTeient  organisms  with  more  or  less  definite  results, 
liul  in  most  cases  they  have  not  reached  any  considerable  diagnostic 
Qlue  and  arc  often  very  difiicult  of  application. 

^  Thote  tpecially  intnriled  will  frnd  full  dctniH  in  ilic  tcfcrencc*  appraded. 
B  Dy»eiiicry  icrotip:  Flcxnci.  Hull  Johns  Hupkins  Ho'-p..  1900;  al<o  Ceiitralbl 
W  '  Bikt.,  :goi.  Bd   30.    Shiga.  Cenirallil  f.  UalcL.  1H?8,  Bd.  23.  24. 

Tubercle  tuoitluii:  Arloiiin  acid  Coiirmoiit,  Compi.'mid,  Ac.  dr  iC,  1898,  I, 
nj- p<  312;  Zcitichr.  f.  Tuberkuloie,  igou,  Bd.  i.  H.  1,  i.  Frankel.  Hy.  Rund- 
Kbu.  i<joov  No.  13. 

StrcptococcuK :  Van  dc  Vdde,  Arch,  de  Mid.  exp.,  Pam,  1897.  Neufeld. 
ZtitichT    (.  Hygiene,  iijoj.  Bd.  44- 

Miniiiitococcut :     Jiiticr,  Zeitachr.    f.    Hyg,   ti.   Inf.,  1903,  lid.  4;. 
Uaha  (erer;    Wright.  Lancet,  March  6.  1807.     Strong  and  Murgrave,   Phtli. 
H«d  Joiirn,.  iSqo.     In  Malta  fever  ihc  rmcllon  i«  on  a  welt-eKUblinhed  pracll* 
ctl  diigiiOKiic  ba*h. 

Pancolon;  Konc,  Zeilselir  (  Hyg.  1903.  Bd  «.  Coleman  and  Bnxion, 
Am,  Jour,  Med  Sci.,  lyoj.  Sclioiimiiller.  DcuUch.  med.  Wochcnschr..  iQoa 
P  JU. 

RED    BLOOD  CELLS. 

W  TIjc  erythrocytes  are  specialized  non-nncleated  cells,  which  con- 
list  of  hannoglohin.  g.s  per  cent,  and  strom-n.  and  whose  chief  fnnc- 
ivin  is  to  carry  the  nxygen  to  the  tissues,  and  to  a  lesser  degree  the 
dioxide  to  the  hmgs. 


^ 


In  shape  lltey  are  circular,  discoid  cells,  which  in  well-made  iresh 
spectmcns  lie  flat,  tn  many  of  them  a  biconcaviiy  is  ap}>ar«nt,  bill  in 
normal  blood  tliis  nmst  be  ItHikcd  for  pretty  sharply.  aii<l  iii  many 
cells  is  not  seen  at  ail:  in  some  conditions,  especially  the  sccundaiy 
an.tniias.  it  is  very  evident.  The  opinion  of  Wcidenreidi  and  Lewis, 
tliat  in  tile  circulation  these  cells  are  not  tiat  but  are  cap-slia)>c<l,  is 
borne  ont  in  many  S]}ecimen8.  especially  those  from  the  bone-manxiw; 
clinically  it  is  a  point  of  no  imparlance.  Cells  of  normal  blood,  unless 
subjected  to  considerable  mechanical  injury  in  making  llie  smear,  are 
perfectly  round  and  of  a  size  varying  from  6  to  9  micriMis  in  diameter. 
When  they  are  not  round,  or  arc  nf  very  abnormal  size,  ihc  term 
■'  iK>ikilocytc"  is  applied  to  them  (  Plate  I,  25-28).  Such  cells  occur 
in  pernicious  anaemia  especially,  even  of  a  mild  grade,  and  in  other 
anxmias  of  severe  grade,  especially  in  cases  of  cancer,  tuberculosis, 
etc.    Tlicy  arc  probably  due  to  alterations  in  tlic  plasma. 

Strucnire.— Thc«e  cell*  arc  about  ihc  hardest  of  all  to  study.  betitE  *o  stnsi- 
tive.  Various  Ri«tliu(I«  liave  been  applied  to  demorntratc  their  itrueturc.  and  each 
)us  »hnu'n  3  diiTcrrni  one.  Foa's  de«ctiption,  a  penplictai  sinicturelcsi  lurmo- 
Slobin-ccintaining  lajer,  a  middle  with  a  net-work  of  fibres  enclrHJng  gnnulcK.  and 
n  centre  of  hoinogcTteous  proioplAini.  is  one  of  ihc  tno^t  elaborate  and  often 
quoted.  The  consensus  of  opinion  now  it  that  all  of  the  filirct.  l.iycrs,  etc..  are 
atielacis:  that  the  varinns  gri(ni.ilar-hkc  bodies  seen  in  ilic  (te^h  cells  are  not  an 
c»enti.il  pan  of  the  cell :  that  those  in  (be  stained  arc.  lomc  ai  lca«t.  precipi- 
tates of  the  fixing  agent,  or  of  the  Main:  and  iliai  structure,  although  it  cer- 
tainly exists,  is  yet  to  lie  demon Mntcil,  Ivhrlich  contidcK  ihat  heal  i«  the  best 
fixative,  because  it  gives  a  homoitriiconi-  cell  without  iiniclute.  Thii  argtiiucnt 
Kccms  weak,  for  heat  renders  difficuh  of  obiervaiion  (be  »tLicttire  of  many  other 
cells  of  slniilar  nature.  incliidir)|c  ilic  protoplasm,  but  not  the  granulet.  of  kucp- 
cytcK.  and  hence  may  he  the  very  wont  method  for  the  study  of  red  cells. 

Not  only  is  their  line,  but  also  their  coarse  siitidure  In  dispute.  The  «II 
membrane  totnietly  hclicvrd  to  cxiit.  then  doubled,  is  aRam  claimed  by  Deetjen. 
who  describes  it  as  elastic,  gelaiinotis.  Bla>sy.  and  staaned  best  in  underheated 
spcciniens;  while  others  claim  merely  a  htcmoglobin-free  con<ieiiiiaiivn  of  the 
stroina  at  the  surface."  Since  so  many  believe  the  nucleus  to  disappear  witlnii 
llie  cell,  they  ihink  it  necessary  lo  find  •.ome  remains  of  it  there  ITie  lucsilon 
of  the  nucleoid  is  in  dispnie,  lome  cim.sidering  it  to  be  related  to  the  nucleus  and 
othees  to  be  totally  independent."  Tlie  word  "nucleoid"  lias  a  variety  of  nMan- 
ings  in  the  Mritingt  of  at  leaM  si.i  observers  who  have  employed  it.  It  mean* 
amonjt  others  the  "differentiated  inner  1<ody  of  Lowii:"  tliat  is.  a  nuc1eus<ltlce 
structure  in  the  centre  of  the  red  blmidcell  which  In  certain  sjiecimeni  ii  very 
apparent,  it  Inkinit  a  hasif  ttain;  it  has  a  fibrillar  iiructure,  and  a  central  clear 
(pace :  in  its  centre  again  is  a  diRerentiatcd  inner  body,  which  "  may  be  exlniilcd  as  a 
platelet."  "The  nucleoid  develops  after  the  extrusion  of  ihc  micleut  (Maul- 
mow),"  but  Lnwit  eoniidcrcd  it  the  remains  of  ilie  now  jnvicible  nucleus.  Againia 
tlieie  as  parts  of  the  cell  is  to  be  urged  thai  cuii«lant  technique  it  neecsury  K> 
give  constant  results:  ihat  iheir  tixc  varici  fr'>m  vcr>'  small  to  that  iwtwhird*  nl 
the  corpuscle;  their  periphery  is  indisilnci  often,  and  radially  striated;  thai  is. 
they  do  not  look  "  genuine"  It  is  liard  to  believe  thai  Maxiniow  can  Idl  the  age 
of  red  cells  by  this  inner  simclure 

Tile  non-nucleated  red  blood-cell*  when  (resh  certainly  Io«*  struct urele«.    Al- 

"Sec  Peskind.  Am,  Jour.  Med.  Sci..  1904.  voL  cxxiv. 
"Maximow,  Areli.  f.  Anat.  u.   Phyttol,.   1899. 
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|«very  tiaining  niahud  will  give  a  dlRetcni  rciuli,  and  yet  it  i»  certain  that 
lave  wimc  rfniclurc.  iliai  llicy  have  u  discoplasni  or  ihc  "  oikoi*1 ;"  a  Hroma 
i  may  he  sitn  after  the  liznioglobin  hat  bvcti  washed  out :  bul  ih«  various 
tr  boclici,"  etc..  M;cn  niay  be  nulhing  btil  ina;i<>cs  of  dc|tcncratvd  iiroloplaiim. 
tlmiEliaiio  cndoylobot-ir  <k)tciii:'riiiion«.  and  in  the  tight  ol  prcient  knuwkdge 
tiy  bt  contldcicd  artefacts.  Only  perfect  cells  arc  «eii  in  the  circulation, 
enter  it  as  almost  perfect,  and  thc>'  Icsvc  it  before  marked  »igni  of  age  are 
Bnt  (see  page  445)- 

iie. — In  the  adult  these  cells  var>-  from  6  to  q  niicrons  in  diameter 

an  average  of  7,5  microns.  Hayeiii  found  that  75  per  cent 
si  from  6.0  to  8.  12.5  per  cent,  from  6  to  6.6,  and  12.5  per 

from  S  to  y  microns  in  diameter.  These  hmits  arc  quite  fixed  in 
idiilt,  although  a  very  few  <lwaif  cells  do  occur  at  all  ages.  But 
le  normal  infant  blood  the  cells  vary  much  more,  with  normal 
5  of  3.3  to  10,3  microns.  In  disease  the  adult  bl<M>d  may  resume 
infantile  condition.  Evidence  is  given  that  the  red  blood-cells  of 
)ns  nationalities  differ  somewhat,  the  size  diminishing  as  one 
caches  the  e<iuator.  In  the  fresh  blood  occur  physiological  rhyth- 
il  changes,  the  cells  being  somewhat  larger  in  the  venous  than 
he  arterial  blood  where  they  are  charged  with  oxygen  (  Ham- 
jcr).  Pathologically,  they  vary  much  in  size. 
MiCRocvTES, — This  term  means  cells  under  6  microns  in  diameter. 

smallest  are  aWut  3.5.  and  yet  some  are  2.2  microns.  There  is 
n  whether  all  these  are  perfect  cells  or  are  schistocytes. — i.e.,  frag- 
ta  of  larger  cells, — since  the  process  of  constriction  of  small  frag- 
■orom  the  red  hlood-cells  can  he  followed  in  the  fresh  blond  and 
n»luce<l  by  pressure  on  the  cover-glass,  etc.  For  the  cells  above 
microns  in  diaint-ter  we  can  find  nucleated  reds  of  corresponding 

which  represent  young  forms.  These  are  seen  in  perfect  fresh 
Imens.     Such  cells  have  no  biconcavity  as  a  rule,  are  spherical, 

liciice  have  a  deep  color.  They  occur  in  the  embryo  and  infant 
Bally,  especially  in  premature  children,  and  are  often  polychromat- 
lic:  rarely  in  the  hrahhy  adtilt:  in  all  aniemias,  especially  the 
Btj-  and  severe  secondary. 

Macrocvte  is  a  term  appUefl  to  cells  from  g  to  la  microns  and 
re  in  diameter;  for  cells  from  12  to  16  microns,  the  term  mf.(;ai.o- 
t:  and  for  those  alKue  j6  microns,  gigantoote.  These  large  cells 
founc]  ofienest  in  pernicious  ana'niia:  sotne  think  to  litid  them  tci 
Wit.  of  all  justifies  this  diagnosis.  'Hiey  also  occur  in  leuk.'etiiia  and 
llorosis.  In  the  last -mentioned  diseases  they  are  often  of  a  very  pale 
r.  Iience  the  term  "  chlorotic"  or  "  dropsical*'  cells.  They  are  also 
'  common  in  cases  with  chnla-niia,  which  is  of  interest  since  cases  of 
icioiis  an.Tniia  are  so  nfien  jatindiced  (Osier).  Tliat  their  size  is 
'to  Iivdrwmia  is  considerably  in  dispute;  it  is  well  known  that 
dia  is  'jiiite  constant  in  its  water-content,  and  that  the  variations  in 
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.er     :  :"-e  •■  -:a!  V.:<*\  affect  especially  the  cells.     W'lietlier  the  chief 

iirifr.zt  'utw.tr:::  t'r.c  jmall  <lark  cells  and  the  large  pale  cells  i-.  the 

:■  •".:     :   -Aa'.er,  each  having  appruxiniately   the   same  aniuuni  ••: 

t~-  ■z'.-'-ir.  ii  :he  i}uesti'.'n-     In  jiemicioiis  an;eniia  the  la^J;e^t  cilii 

t  *■  r.-f.:r.-.t^  ;r.e  -iarkest,  ami  Sijnie  of  the  micnicytes  are  exceediii|;iy 

•ilc.  v,;-.:'e  :r,  x^r.n'iary  anaemia  the  reverse  is  tnie.     (See  Dale  l,i 

^--^-i-t  Properties. — Re-l  bl'-xl-cells  like  all  other  cells  while  alivt 

ire  jiC'r.T  rr^i  ^•r.i'.ic.  and  take  a  >tain  only  in  propiirtioii  to  their  ilt.iili 

chir.tei.     If  ihe  re-i  cell  is  killed  by  a  good  fixative  which  pre\mis 

>  i^'.-TT;  r-.er:  cr.ar.ges.  all  normal  cells  are  monochromati  >pliilic,  :\n<l 

sir.oe  -jr.ty  lake  ir.'.y  acid  stains  troni  a  mixture,  are  addofbilic.    With 

rr-  -:    iyes  *.:  -.s  :he  hiemogli-'bin  especially  that  takes  the  stain,  ami 

ch.1r.5e>  :r.  this,  whether  quantitative,  that  is,  in  tint,  or  qnalitaiive. 

^"-s:  ;s.  :-  <x-'.-  r  i-i-ne,  will  shi"'W  themselves  to  a  certain  dt-grtt  hy  the 

:—;  ir. :  the  t-ne  which  the  cells  take.     Certain   stains,  as  toluiiiin 

':■!-*  iri  thi  n:n.  stain  the  stroma  especially,  and  hence  the  colirs 

Tiker  wiV:  \-2ry  inversely  as  the  amount  of  lixnioglobin. 

Ce"s  which  take  "ther  than  the  acid  component  of  a  stain  either 
as  a  wh   "e  rrr  in  pans  are  tennetl  fo/yiitromatofliilic  or  Ixisuplniw. 
By  this  rem   la  s>■n■■n>^n  of  which  is  "  an:cmic  dcgeneratinri'i  ne 
:     r.;:   r.  w   include   the  basophilic   grannies   to   be   <lcscril)C'l  hier. 
K  s:r   itafns  the  lasophilic  cells  more  faintly  tlmn  the  nonnal.  ami 
::'  :   "  we-2  by  a  basic  stain,  such  as  h.-Emat(ixyltn,  will  lie  siii>j>lanW 
y  :;.    A  ^ias:c  stain  should  not  ci  'lor  a  normal  reil  unless  it  is  in  an  olil 
'.'f',  sre,-!-      Ehrlich's  triple  stain  is  unsuitable,  since  inelliy!  srmi 
-  :  ■    :;-,■  i^  .-.  >:;-'c  stain,  and  the  acid  coni])onenls  too  nmch  in  exici'S 
:    -'■        :".e  ':a~  -:-:::'i;i  wc'I.-'     Ras'iphilic  crpuscles  are  usually  larger 
:'■;.■■   -.'.-.i:  ::  r-.'.::..'..  have  le^s  bio'iicavity.   and  Duen   ;ire  puikihiTies. 
'■''■'-.'-  '-.\.  —  ".  xy'.-.n  r^rA  e- mti  such  cells  take  n  vi.>lei  tint;    HJih  i!k' 
"'  ''.  :'•.  .':  :.L:-,:er  ;'::e  iV.an  n^Tinal.  it  .t  ^^rayisli  colr-ir:    wiih  p'K- 
:  ■'  ■"L  ■:-i;:'-y'e--o  'v-e  s:rii:ii  a  bhiish  vinlft :  in  all  i"i-e-.  l'a-.>iii;;;ii'- 
:":r'-j':  txp';\i::s  bas'-(>:'.i'.ia  as  a  coagiil[Hi\-e  necrosis.     In  invi>r 
:  :'■■-  .L'e  •.'■::i:  ■  :::er  >iir:s  ■"■f  degeneration  are  al-"  ]irc<ciit:   it  i"ar 
'■■e  ■  -    ■".■t  !  -n  ririi-als  I>y  in.inition;   these  cells  arc  said  tn  he  iire-en 
■■  ■:'-■-  ■■■■i::'.'.y-i:-\:T  ::'-.:rs  after  a  henmrrhage.  hence  ]>fl'>re  a]iv  unci' 
..:■,■■  j-,"!s     T     :'wr  signs  ..f  active  rcgencratinn  have  liegtnK   an'i 
■~  c;.  ;■>-■.:">  the  nicg;i!"bla*ts  which  are  affected.     The  otlit-r  vit-n 
•->.„:  :'-.ty  ;ire  y^  \::mz  ceils.     It  is  also  exi>lained  as  due  to  iiio'inii 
■•::'..;(.. .\:'...T  ■  x:daii"n.     Basiiphilic  cells  occtir  in  ]>cniicions  an.ir 
:-:   •.'i-  c^ave  sec'-ndar^-  an;eniias,  especially  thivse  due  m  caiKtr 
;'-,   i-.-.;>:-\e  fevers,  malaria,  the  puriniras:    ami  after  vari-ms  I 

'■"vc-  celU  are  "  fuchsiiwf'hilii"   (Plate   I,   .^5):  that  is.  s' 
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with  Ehrlich's  triple  stain  tliey  are  very  red.  Since  so  many  of  the 
nucleated  reds  of  the  marrow  are  fiiclisinophilic  this  is  ctnisiilered 
a  sign  of  a  young  cell.  (These  cells  are  usually  distorted,  as  if  very 
soft.)  The  same  is  said  of  the  basophilic  cells,  for  nearly  ail  nucleated 
led  cells  are  slightly  basophilic,  but  basophilia  and  fuchsinophilia  are 
not  the  same. 

While  the  middle  ground  is  usually  unsatisfactory,  yet  there  is, 
we  think,  the  best  of  evidence  that  young  re<l  cells  in  general  arc 
basophilic,  and  good  evidence  that  a  degenerating  cell  will  usually 
take  such  stains.  The  same  may  be  said  for  microcytes,  niacnKytes, 
and  the  ba-ijophilic  granules;  it  is  hard  to  say  whether  tliey  are  signs 
of  regeneration  or  degeneration,  but  since  they  occnr  in  swch  a  variety 
of  conditions  it  is  improbable  that  they  have  always  the  same  signifi- 
cance. They  are  not  signs  simply  of  anemia,  for  amemia  may  lie 
severe  without  them,  yet  in  general  all  abnormal  corpuscles — abnonnal 
in  size,  shape,  amount  of  pigment,  nucleation,  with  protoplasm  having 
abnormal  staining  affinities,  etc. — are  grouijed  as  "  an;emic  forms." 
and  the  explanation  is  of  little  importance.  To  us  basophilia  as  evi- 
dence of  youth  is  interesting,  since  it  was  Theobald  Smith  who  first 
suggested  it  in  a  case  of  purpura  and  later  emphasized  it  in  his  studies 
on  Texas  fever.'"  Walker  found  such  cells  in  the  normal  blood  of 
all  lower  vertebrates ;  and  in  the  fiutus  of  the  dog  and  guinea-pig  even 
ninety  times  as  many  as  in  the  blood  of  the  mother.  In  normal  marrow 
the  basophilia  is  in  inverse  proportion  to  the  amount  of  h:cmogl(;l)in 
that  the  cells  contain,  judging  by  the  fresh  si)ecimcn  before  staining, 
hence  the  term  "  anemic  degeneration :"  hut  this  lack  of  ha-mogtobin 
could  l)e  primary  or  result  from  the  loss  of  some  fnmi  die  cell.'" 
Walker  suggests  that  the.se  "  cells  hurried  into  the  circnlatiim  while 
too  young"  are  as  good  an  inde.v  of  anicmia  as  the  hlood-connt, 
and  their  <letection  much  easier,  (iermani  also  emphasizes  them  as 
an  important  feature  of  the  blood  picture  in  severe  an;emias.  their 
number  being  in  direct  pri'imniim  to  the  severity  of  the  case,  ;in<\. 
since  easy  to  stain,  suggests  them  as  a  valuable  hint  in  diagnu^ii  and 
prognosis. 

Engel's  opinion  that  the  luchsinoidiilic  cells  represent  a  related 
yet  different  type  from  orthochromatic  celts  (i.e.,  ccIN  staining  in 
the  usual  manner),  and  tliat  they  send  cells  into  the  blood-stream  only 
in  anfemia  when  the  supply  from  the  orthochroinatir  miclealed  red'- 
is  exhausted,  has  not  receiveil  much  -npiv-rt.  Tjiylor  -ays  tnrlisino 
philic  cells  are  ni>t  ffiund  in  emhrvinic  or  infantile  IiIomI.  \\'^■  would 
object  to  this  most  emphatically,  sjnce  that  i-  wlierrr  we  liavi-  found 
the  best  illustration-;  cf  these  cell-. 

"  Walker,  k-r    cii 

"See  al-Ji  Stengel.  C'jniri^.  irim  I'i^'T  I^''-  '-'"i'    ''f  i''' ■  ''/>' 
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Partial  polychromalophilia  is  best  ilhistrated  by  the  Maragliano 
endoglobnlar  degeneration  (see  p.  399),  these  degenerated  areas  stain- 
ing well  with  a  strong  basic  dye,  especially  methylene  blue.  The 
probability  is  that  many  of  the  so-called  "  inner  bodies,"  "  nucleoids," 
and  other  so-called  evidences  of  cell -structure  are  nothing  but  these 
stained  areas  of  degenerating  protoplasm,  which  sometimes  resemble 
malarial  parasites,  and  the  extrusion  of  which  gives  rise  to  bodies 
resembling  platelets.  Their  resemblance  to  malarial  parasites  is  so 
striking  that  we  know  one  eminent  pathologist  who  admitted  that 
had  he  not  been  sure  that  before  death  a  patient  had  not  malaria  he 
would  have  l>een  unable  to  say  that  the  inclusions  in  certain  red  blood- 
cells  stained  with  haematoxylin  and  eosin  were  not  malarial  parasites. 
These  degenerations  certainly  le<i  to  many  mistaken  diagnoses  before 
the  chromatiii-staining  mixtures  were  used. 

The  ring  bodies  described  in  some  of  the  red  cells  of  anjemic  blood 
by  Cabot,™  and  which  reciuire  for  iheir  demonstration  the  polychrome 
methylene  blue-eosin  mixtures,  are,  he  suggests,  nuclear  remains. 
They  are  red  rings,  ovals,  or  bands,  evidently  not  related  to  the 
stippling  of  the  cells.  They  occur  especially  in  pernicious  anaemia, 
but  also  in  the  leukaemia^  and  various  secondary  anemias. 

In  heated  specimens,  if  this  be  done  too  quickly,  or  if  they  be 
exposed  to  moisture,  around  the  periphery  of  the  cell  may  sometimes 
be  seen  a  row  of  large  dots,  which  are  neither  true  granules  nor  do 
they  resemble  the  granules  in  malaria. 

In  certain  cases  of  malaria  (those  we  have  seen  have  all  been 
tertian  an<l  from  the  Tropics)  the  infected  cells  show  a  remarkable 
granulation  (Plate  III.  10.  13).  They  contain  granules  which  are 
of  (|uite  uniform  size,  which  are  as  coarse  as  the  eosinopliile  granules. 
and  stain  pur])le  in  llie  Hastings'  slain,  while  the  rest  of  the  cell  stains 
]ia!er.  in  fact  may  be  almost  colorless,  as  if  the  luemoglobin  had  been 
con{iensed  into  these  dots.  (This  is  merely  a  "descriptive  cx])laiia- 
tiiin.'")  We  have  seen  cells  in  which  the  granules  appeareil  hung  in 
a  hyaline  envclojie  anumd  the  jiarasitc.  They  can  he  seen  in  the  fresh 
unstained  ceil;  the  lead  granules  caruint  ff^ogtjs).  We  are  sure  these 
are  not  artefacts,  and  ihat  tliey  are  not  the  same  as  the  granules  of 
lead  poisoning  \yhich  also  may  fje  present  in  the  cells.  One  who  has 
seen  both  will  nni  idcnlify  them. 

The  ■■  mctliylene  blue  degeneration  of  Khrlrcli"  is  the  name  given  10 
a  hcauliful  picture  seen  in  specimens  <if  fresh  blood  stained  bv  this  dve. 
the  cell  containing  a  mesh-work  of  fibres. 

"  \'[T,\i.  Hr.oon-SxAiMxc." — To  study  tliesc  granules  and  fibres 
in  the  unfixed  cells,  one  puts  on  the  wet  smear  a  granule  of  methvlone 
blue  or  ncT'tral  red,  then  the  cover  Is  scaled  at  once  to  the  slide  with 

■"Joiini.  of  Mcil.  Rcicarcli.  tqo.i.  vol.  iv.  p,  13. 
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I>nraf)in,  aiid  the  t>C4iutifi.iI  thrca<Is  of  line  gr.tntiles  are  soon  seen. 

Whetlier  tliese  are  i)ri;lijriiicil.  or  sipis  of  ilwuli  ur  ilcgeiieratioii.  or 

mtrely  precipiutcs  of  stain  in  the  cell,  is  uncerlain. 

I        Another  excellent  incthod  of  vital  blood-staining  was  nseil  hy 

'     R«in.*'     A  cover-glass  is  lightly  spread  with  the  satiiriite<I  alcoholic 

dilution  of  melhylazur  or  of  toluidin  blue,  which  is  then  allowed  to 

ilry.   Over  this  stained  surface  a  blood  smear  is  made,  and  the  snrface 

at  cmcc  inverted  over  a  hollow  slide  with  vaselined  rim.     The  bliwd 

can  be  watched  for  even  twentj-four  hours.    These  methods  are  not 

■  attd  nearly  enough. 

F  Various  iioisons,  potassium  chlorate,  pyrogallic  acid,  t-t  al.,  often 
will  produce  vacnoie-like  areas  or  chimps  in  the  ceils,  which  are 
niotile  and  which  may  break  free  from  the  cell,  or  the  cell  m.iy  be 
ilifsolved  leaving  them  free,  lleinz  and  Bloch  descrihe  these  as 
"areas  of  poisoned  protoplasm." 

The  Basoi'hilic  (Jranit-ation  of  Grawitz  (Plate  IT.  22,  24, 
Jj). — In  certain  conditions,  especially  lead  poisoning,  pernicious 
an:emia.  leuk.-einja,  etc..  certain  of  the  red  blood-cells  vvheii  .stained  with 
any  gooti  liasic  stain,  particularly  gentian  violet  or  methylene  blue, 
contain  minute  granules.  They  are  not  seenjn  fresh  unstained  speci- 
mens: they  arc  not  increased  hy  allowing  the  blood  to  stand. 

Whil«  any  methylene  bliie-eosin  mixture  will  do,  the  moll  bMulifut  speci- 
niens  are  prepared  a»  fullowN.  Tlic  air-ilriod  >mtars  art  fixed  for  from  ttitec  10 
five  minuici.  in  ah^olnlc  nknliol,  W3ihed  in  water,  and  while  still  wet  nre  >iaiiied 
with  Luffler'*  methyiene  bhie  for  a  (ew  sccoiidi  or  much  ionjier.  tlien  dried,  or 
exatninefl  in  water  't^e  bluiih-bbck  gntnulei  >tand  out  ugitinM  the  cleur  green 
corpuKlcs. 

A  beautiful  *tain  to  differentiate  lhe«e  From  fragment*  of  the  nucleus,  which 
many  supix'-^e  them  to  be.  in  that  of  Pappenheim  (Boel)kc). 

Stain  1.  .^cid.  carbol.  Ijqucfaci.,  on:  ni|«a  dest..  too;  methylene  green 
(pur),  t. 

Staik  II.    Add.  carboL  liqiicfacu  0.35;   aqua  deit.  100;  pyroiiin  (pin'.),  t. 

Fifteen  cc-  of  I.  and  35  cc.  of  II.  nrc  well  mixed  and  filtered.  The  blood- 
imear  fixed  by  heal  (not  alcohol)  i*  stained  for  a  (ew  seciiid*  with  ihe  filtrate. 
The  (ragmenis  01  nuclei  are  deep  srccnifh-bhie.  the  granules  bright  red 

In  a  severe  case  one  fin'ls  even  five  or  six  of  these  "  stippled  cells" 
in  3  field,  but.  as  a  rule,  one  must  search  several  fields  for  one.  There 
may  I«  only  one  or  a  few  gramdes  in  a  cell,  hut  as  a  rule  the  cell  is 
well  sprinkled,  and  even  to  siidi  a  degree  that  some  consider  the  nni- 
iVinn  mne  of  a  pnlychronutophilic  cell  is  due  to  their  abundance.  They 
may  lie  from  dust-like  size  to  granules  a  micron  or  more  in  diameter. 
They  occur  anywhere  in  the  cell,  bin  arc  dtstributetl  quite  regularly 
as  ,1  rule,  perhaps  more  at  the  edge,  most  think  in  the  external  layers 
of  the  protoplasm.  They  occnr  in  the  severest  an.'cniias,  especially  the 
primary  pernicious,  in  which  they  are  large  and  conspiaiotis:  in  seo- 

"  Rosin  and  nibergcil.  Zeittrhr.  f.  Win    Med.  tow,  vol    liv.  p.   197. 
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undary  anivinia  (liw  lo  cancer,  especially  of  the  gastro- intestinal  tnn; 
in  cachexia;  in  leukxmia.  in  wliidi  ca:«es  they  are  nut  luinieruus;  and 
in  septic  processes;  while  in  chlorosis  some  fuid  them  rare,  othen 
(Stengel  and  I'ejJijer.  in  1 1  uf  i8  cases)  common.  They  also  oour 
in  phthisis,  hies,  chronic  parenchymaloiis  nejihritis.  small  contracwJ 
kidney,  cirrhosis  of  the  liver  (Grawilz).  In  goiit  they  arc  many  ra 
nnniljer,  ami  yel  in  rhenniatisit)  with  even  severe  WoimI  chaii^  Ihc» 
are  vcrj-  rare.  Few  arc  found  in  tuberculosis,  lyplioid  fe\er,  pneu- 
monia, lues,  nephritis,  etc.  In  gout  it  is  of  interest  tliat  csju-aall.' 
large  nunihers  are  found  in  those  cases  with  ha?niatt>]H)q)hyriii«rii; 
Guyot  found  them  regularly  in  the  iLTnioglobinuria  due  to  coU;  in 
tul»ercnlosis  Grawilz  says  they  occur  only  after  tlic  secondary  in- 
fection nf  a  cavity.  Thai  condition  in  which  they  ocair  ii)  the  larg^t 
numbers  is  lea<l  poisoning.  They  arc  found  in  the  bloud  of  European! 
who  have  recently  moved  to  the  Tropics. 

GrawiU  iiilen>i'c(cd  tlirni  a.i  area*  of  coagulated  dktouk  anil  they  (onirauol; 
now  t>cnr  ihc  name  "  Gtawiiz  Iiatophilic  ttranuUr  ila[*neralion.~ "  Whitt  ut 
Pepper."  .Stengel  and  Pepper,"  Bloeh.  nnd  olhem  agree. 

On  i\\c  uIIki  hand  iliey  ure  nurnial  in  eznbryoiiio  blood,  nn'cr.  some  uj.o 
adtilt  tiloiid ;  nuclenlcd  rcdi  nl'ien  cnmain  tliem.  gund  evidence  againit  ibnr 
relalimt  in  a  degenerat iutt  nucleus.  Tlicy  arc  often  pteicnl  in  the  ilegrnwilri 
rcdi.  but  aUo  occnr  indcpcndcnily  of  other  degcricraiitin*.  n»  polychrnnuiuphila 
pollcilocyto^is  Clc.  Tlieir  relation  to  malaria  >nO  tu  pulychrumiitophilic  degentn- 
lion  it  iX'Vr  generally  abandoned.  Oihcrt  uy  thiit  tliey  are  in  tome  w*)  or 
other  related  to  new  formation  of  cells,  while  iicm'  and  a^ain  recur*  (he  t<t* 
tJial  they  are  related  to  the  niicleux. 

Cadwaladcr  difilinEuiihri  three  gronpi  of  granttUtcd  corpuscles:  (hew  viA 
the  granule*  In  line  and  ro.-ir<e  thread-like  >irand«;  thntc  with  line  dni-like  griM* 
laiiuiis :  and  Ihote  with  dense  ci>i]r.<e  mastei.  The  first  type  is  found  in  >ii»" 
numbcrt  in  nonna)  binnd  :  the  'ccnnd.  the  tnost  common  form,  in  lead  pnitonitf 
and  perniciuui  anxtnia;  ihe  last  in  ihoM  ca.-ics  uf  lead  poisoninj;  in  winch  ii» 
clcaied  tedn  are  pleniifnl.  Theic  last  grannie*,  in  pmitJon  and  m7C.  iu)!EI<i  ' 
breaking- down  nunnoblnAl  niicteiis.  flic  rei's  arc  otherwise  normal.  Olhitt 
deny  th.it  trnntilionnl  tinget  between  fragnmiting  nnctei  and  ilie^e  occur.  ■■' 
point  out  that  Ihey  are  lea^i  in  the  hone-marruw  where  karyorrlicxis  if  nMd 
commo«i.  Again,  it  It  claimed  that  they  do  not  occur  until  definite  ugot  ^f 
regeneration  have  uUo  occurred  <biil  the  hydracmia  is  also  at  it4  maxiiniiin  >htK^< 
well  »cen  in  pof.t.liemorrhagif  animiia,  hence  the  opinion  of  tonic  that  th«j  *" 
related  to  rescue ratiotu  In  favor  of  this  ii  the  difficulty  of  producing  thttn  b| 
the  direct   inflnence  of  lead   taltt. 

Cadwuladcr  *  finds  them  always  associated  with  nucleated  rcA*  in  lea-l  H* 
loning.  and  ihinVs  theni  the  ictult  of  a  fragmentation  nf  i|>c  nuclcwi  nf  Ibc  '*^ 
cell.  In  fa»*or  <>(  this  is  the  fsct  thai  the  iiicreate  in  niiclealcd  rcd«  precede  'h"' 
of  the  granulated  CclU.  and  he  thinks  the  forms  of  granukt  stigse^t  *l<|»  i"  ^^ 
procMS. 

.\t  ihi*  point  we  nislt  to  Mate  ihat  ihose  dealing  with  these  grwiilc*  *>  W 
exclude  any  other  baiophtle  granulet.  hence  practicilly  «%-ery  granule  found  f* 
r«d  blood-cclh  i»  detcrilicd  under  thi'  one  title.     In  onr  opinion  there  vt  »■ 

"Hamel.  Deutich   .\rch    f  klin.  Med.  May  aj.  igoa 

"Am,  Jour.  Med,  Sci,.  Septcraber.  tflot, 

'*.\m.  jour.  Med.  Sci,,  May.  iQOi. 

"  Bull,  of  the  .Xycr  Clin.  l-ab..  Univ.  of  Pa.,  January,  igoj. 
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kwt  three  tliffcreni  basophilic  Braniilalion!^  in  red  blond-cell*,  thai  tlie«  when 
compired  *iile  by  ■mJe  have  liille  tc-icnibl:incc  ibc  one  to  (he  others  nnd.  we  siii- 
pti.  no  relationship:  but  the  «cope  of  iht*  book  could  iiiclixlc  a  diiciission  of 
lit  laiter  point  only  in  so  (ar  a»  it  emphaiiicx  their  nppcnraticc  or  occurrence. 

The  malarial  granulci  are  described  on  page  4461  Compare  ihcm  side  by  side 
»iih  llie  Urawiit  granulet.  and  ihey  do  not  *ccm  to  beloim  to  ilie  same  elas.i  of 
tlructure*.  Gnwiiz  believed  Idem  different,  but  did  not  state  icnions.  The  one 
onnot  be  seen  in  ihc  (rcth  cell,  ihe  other  can. 

The  B'Anules  described  by  Vauglian  (sec  page  401)  as  remnants  of  nuclei  do 
aat  reienibtc  the  Grawiii  granules,  and  yet  from  Cadwalader's  AK"''ei  we  jucIkc 
ht  includes  tbeni  a.*  hi*  coarse  variety.  It  is  impoisiblc  10  tay  they  arc  not 
Rlattd,  but  chey  do  not  look  a*  if  Ihcy  were. 

I^rhaps  iheir  grcAtest  importance  is  in  lead  poisoning,  ^incc  here  they  may  be 
tttt  only  abnormal  blood -fca lure.  In  other  discaseii  in  which  they  occur,  as  ibe 
iwniias.  ihcy  form  but  a  minor  part  of  the  blood  picture,  although  they  occur  in 
brge  miinbcrs.  They  are  very  fine  in  sire.  Some  claim  ibat  ihcy  can  be  found 
ia  the  blood  of  all  lead-workers.  This  may  be  the  ea'se,  l»il  it  depends  on  ihc 
ength  of  time  that  the  specimen  is  siudied,  and  we  do  find  cases  of  le.id  pniton- 
0^  panieularly  the  peripheral  neuritis  cases,  the  one  condition  m  wliicli  it  would 
e  most  important  to  find  them,  in  which  they  have  not  been  fonnd,  or  only 
ne  cell,  in  ihc  time  at  the  disposal  of  the  ordinary  clinical  worker.  They  arc 
tpeciatly  numerous  in  cates  with  Kastro-inlcstinnl  features.  In  which  symplonu 
ley  bear  a  rough  parallelism,  but  this  may  be  better  explained  by  the  fact  that 
ath  are  early  features  of  lead  poisoning.  They  vary  much  ni  number  from 
»y  lo  day  As  a  rule  they  appear  very  early,  even  after  four  days'  exposure  to 
lad.  and  they  may  he  ptcscnl  in  the  blood  of  those  exposed  over  twenty  years, 
hey  are  the  first  sign  of  the  ana;niie  blood  changes,  and  the  last  sign  to  ilisap- 
ear.  hence  we  may  »pe«k  of  an  anwmia  even  before  the  count  drops  In  the 
iagnosis  of  intestinal  colic  they  may  be  of  importance,  but  in  the  cases  of 
eripherat  neuritis  wc  have  (ailed  to  find  ihem  to. 

Other  references  to  Ibis  subject  arc.  Naegeli,"  who  considers  them  related  lo 
hxtd   regeneration :     Bocllke."   who  denies   thai   they   bear  any   relation   to  the 

IKICUE. 


Number  of  Red  Blood-Cells. — Tlie  average  coiinl  for  tlie  normal 
,duh  man  is  tisii.illy  given  as  3.000,000  cells  per  cubic  millimetre  of 
iIockI;  for  tbc  woman.  4.500.000.  In  a  lieatihy  young  man.  bow- 
fver,  it  is  more  common  to  find  from  5,000,000  to  6,000,000. 

By  f>i)lycyUuc)iiia  is  meant  a  condition  with  more  cells  per  cubic 
nillimetre  tlian  llii*  present :  by  oligoryllKrniin,  one  witb  a  smaller 
lumber.  It  is  evident  that  this  number  is  simply  relative,  that  varia- 
ions  may  be  <iue  eiiber  lo  aclual  variations  in  the  nnmber  of  red 
ilood-cells  in  ibe  lx>dy.  or  to  the  amount  of  plasma,  whicli  may  by 
ihitiiig  the  blood  cansc  an  oligocytbainia.  and  when  it  is  reduced  in 
mount,  a  i»)1ycytb;fmia. 

The  blood-connt  may  vary  in  different  parts  of  the  Ixidy.  Oliver  " 
nind  that  anything  which  increases  ilie  blood-pressure  even  locally 
ill  cause  a  rise  in  the  count  al  that  point;  as.  for  instance,  in  a  limli 
lat  has  been  banging  in  a  dependent  inisition,  active  or  passive  motion. 

"  Miinch.  med.  Wochenschr.,  1904,  No.  5. 
"Vireh,  Arch..  1904,  vol.  clxxvi.  S.  4f. 
■Brit    Med   Jour,  1896 
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digestion,  etc.  These  variations  are,  however,  quite  slight;  yet  at- 
ercise  will  raise  the  count,  the  local  application  of  cold  and  of  heat 
lower  it  or  raise  it,  according  to  the  production  of  stasis,  vasodilata- 
tion, or  constriction. 

Excessive  exercise,  Willebrand  found,  would  raise  the  count  of  red 
cells  from  3  to  23  per  cent,  (average  12,3  per  cent.),  and  of  leuco- 
cytes from  19  to  97  per  cent,  (average  47  per  cent.). 

Physiological  Variations. — The  effect  of  sex  has  already  been 
mentioned.  This  variation  occurs  only  during  the  menstrual  period 
of  life,  since  for  girls  until  their  fifteenth  year  the  count  averages 
5,444,000,  while  for  boys  of  the  same  age  5,102,000;  between  the 
ages  of  forty  and  sixty,  again  the  count  of  women  averages  5,000.000. 

The  count  varies  much  with  age.  The  maximum  is  at  birth,  in 
which  case  it  may  be  even'  7,000,000,  but,  as  a  rule,  is  lower. — r.g.. 
5,740,000  (Stengel  and  White).  Otto  found  the  average  for  the 
first  four  days  to  be  6,155,000;  in  one  child  ten  hours  old,  6,910,00a 
It  depends  somewhat  on  the  time  at  which  the  umbilical  cord  is  tied. 
since  by  tying  late  there  may  be  a  gain  of  almost  one  million  cells 
per  cubic  millimetre.  After  the  first  four  days  the  count  begins  to 
drop,  and  is  at  a  minimum  in  about  one  year.  These  high  counis  at 
birth  are  probably  due  to  the  concentration  of  the  blood;  the 
body  is  not  yet  accustomed  to  its  environment,  and  loses  considerable 
water.  They  last  but  a  few  days,  not  over  ten,  after  which  nucleated 
reds  also  disappear. 

From  birth  until  about  the  tenth  year  the  count  reaches  the  mini- 
mum, then  slowly  rises.  There  is  considerable  difference  ot  upinion 
when  this  mininmni  occurs.  Gundobin  gives  the  average  count  during 
this  period  as  5.100.000.  It  rises  from  puberty  to  thirty  years  of 
age,  {hiring  wliicii  period  young  healthy  persons  often  have  from 
5.500.000  to  6,000,000  cells.  From  about  thirty  to  fifty  years,  5.OOO,- 
000  for  men,  4.500,000  for  women,  may  be  cimsidereil  normal,  and 
after  forty  the  count  is  inclined  to  .slowly  drop  in  men  and  rise  in 
women. 

Nut  salisfifd  «itli  die  ;ikc  curves  u'linlly  (|uoied  in  lext-book:;.  we  have  al- 
Iciiipted  OIK',  using  ttic  niatcrhil  ill  iliis  iliiiic.  cs]iecially  the  nturristhtnic;  and  ' 
few  patii-nts  wilh  apparcntlj  n^riiKil  lilinnl.  In  aiidiliun  Ici  this  we  havt  tht  very 
v;ihiaLi]c  stmlits  of  inir  iiii'ilical  suuli'iils  on  their  cuvn  blood,  coimt',  made  W 
CDMlorm  lo  (he  mosi  rigid  criteria  of  aceiiracy  (.'cc  page  413),  as  accurate,  «e 
believe,  as  any  which  have  yet  been  pntih-hed. 

We  Ii.nve  used  means,  not  averages;  this  is  vvc  think,  the  correct  way  of  arriv- 
ing at  a  fair  estini.ite  i>f  blood-counts,  etc..  for  the,c>:tremes  should  not  be  o>n- 
>idereil  when  the  rpiestion  is  of  (be  most  common  condition.  .Ml  the  ttgurcs  are  ar- 
ranRed  in  firdcr  of  inHEniiudc.  and  that  chosen  as  mean  around  which  the  prente^I 
nuniljer  cluster-..  For  a  discussion  of  the  low  htemoebibiu  estimations,  see  page 
jfi5. 
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Blood  of  Palienti. 
Males. 


Hb  mean 

Vean. 

Cbki. 

Reds  (mean J, 

Per  cent. 

Inden, 

Leucocytes. 

6  to  J5 

5 

5,560^)0 

85 

7500 

i6  to  iS 

36 

5,300,000 

85 

0.8 

6500 

j6  to  35 

69 

5,300,000 

90 

0.65 

7000 

J6  to  45 

42 

5,500,000 

90 

0.82 

5S00 

46  to  55 

21 

5,300.000 

80 

0.7s 

9000 

56  to  6s 

9 

5,000,000 

80 

a8 

tt  and  over 

5 

4,000,000 

60 

0.77 

7500 

Females, 

10  to  15 

5 

-      5, 000.000 

7S 

0.75 

8000 

16  to  25 

43 

4.500.000 

7? 

0.8s 

75tM 

26  to  35 

55 

4,500,00a 

80 

a88 

7Z00 

j6  to  4S 

34 

4,600,00a 

72 

0.80 

7700 

46  to  55 

17 

4.500.000 

77 

0.8s 

7000 

56  to  6s 

10 

4,500,000 

70 

0.78 

6000 

66  and  over 

3 

4,700,000 

65 

0.7 

7000 

The  sttidents'  coutits  showed  the  following :  age,  twenty  to  twenty-five  years ; 
i,  176  cases;  mean  of  reds,  5,000.000  <extretncs  4,500,000  and  6.700,000) ;  14  (8 
ent.)  were  below  5,000.000,  and  15  (8.5  per  cent.)  above  6^0,000)  :  of  leuco- 
7500  {52  cases);  of  hasnioglobin,  14.5  gms,  (Miescher),  gi  per  cent, 
schl),  95  per  cenl,  (Dare),  92  per  cent.  (Gowers). 

'emales,   16  cases;    mean  of  reds,  4.800,000:    of   leucocytes.  8000;    of  hsmo- 
n,  II   gms,   (Miescher),  85  per  cent.   (Fleischl).  87  per  cent.    (Dare),  82  per 
(Gowers), 


'Nutritional  Conditions. — In  thin  muscular  persons  the  count  is 
ewhat  higher  than  in  the  stout.  A  large  meal  may  cause  a  tem- 
ry  slight  decrease,  said  to  be  due  to  the  increased  fluid  of  the 
Tia-  During  hunger  periods  there  is  an  increase,  a  rise  of  a  half- 
on  cells  in  twenty-four  hours  being  common,  attributed  to  con- 
ration  of  the  blood, 

fhe  temperature  has  an  influence  on  the  count.  In  winter  there 
ibout  500,000  more  cells  per  cubic  milliinetre  than  in  summer  (this 
well  seen  in  some  of  our  students'  counts).  The  change  of  resi- 
e  from  temperate  zones  to  the  Tropics  may  lead  to  a  drop  in  the 
t  of  from  500,000  to  2,000,000  cells, 

^rcgnancy. — For  both  mother  and  the  fcetns  there  is  said  to  be  a 
nution  in  the  count  during  the  last  part  of  pregnancy;  for  the 
ler  a  drop  of  about  half  a  million  cells  and  20  per  cent,  of  h^mo- 
n:  for  tlie  fretus  of  from  seven  and  a  half  to  eight  and  a  half 
Jis  the  count  was  found  to  be  7.000.000.  while  at  nine  months 
),ooo  (Binndi  and  Gardini).  The  hlood  of  ni()ther  anti  child  are. 
ie  whole,  rather  independent:  in  case  the  mother  has  an  anremia- 
ucing  disease  the  child  can  preserve  its  count  fairly  well,  and  vice 
I. 


454  CLINICAL   DIAGNOSIS 

uncertain.     The  same  is  true  of  carbon  monoxide  poisoning,  in  which 
counts  of  6,630,000  have  been  reported  in  cases  without  vomiting. 

In  cyanosis,  particularly  that  due  to  congenital  heart  disease  in 
which  the  count  may  be  from  8,000,000  to  9,000,000,  but  also  to  a 
less  degree  to  huig  and  other  heart  troubles,  especially  mitral,  tlie 
count  may  be  exceedingly  high ;  or  when  the  color  is  extreme  the  count 
may  be  normal.  In  local  cyanosis,  that  due  for  instance  to  hemiplegia, 
there  may  be  a  local  rise  in  the  count.  In  lung  disease,  especially 
emphysema,  acute  miliary  tuberculosis,  and  pneumonia,  the  count  is 
high;  in  emphysema  and  heart  disease,  even  7.000,000:  in  adherent 
pericardium,  above  6,oo3.cxkd;  in  Reynaud's  disease  there  is  a  local 
rise  at  the  affected  parts:  while  in  a  very  interesting  group  of  cases 
of  cyanosis,  first  reported  as  an  independent  disease  by  Osler.*^  the 
polycythemia  is  extreme,  the  highest  on  record,  in  one  case  reach- 
ing 10.200.000.  in  another  case,  1  o.ockj.cxx).  In  all  these  cases  the 
cause  is  very  doubtful.  Some  explain  it  as  a  change  in  the  distribution 
of  the  blood,  some  as  a  concentration  from  loss  of  plasma,  others  as 
an  over-production  of  red  blood-cells:  others  say  these  are  longer- 
lived  than  normal:  while  most  admit  that  they  do  not  know. 

Osier  reviewed  nine  cases,  four  ot  which  he  reports.  The  cyanosis  was  e*" 
treme.  lasting  even  for  years.  The  highest  count  was  Cabot's,  of  12.000,000,  a"^ 
but  one  was  below  9.000,000  (8,JS0JXio)  ;  hemoglobin,  izo  to  150;  specific  gra%'i')' 
1067  10  iofk);  leucocytes,  4000  to  zo.ooo,  but  most  below  10.000.  This  publica*-'"" 
of  Osier's  has  stimulated  a  good  many  reports  of  cases  with  high  counts.  Z-=i"' 
firescu  reports  the  case  of  a  woman  with  cyanosis,  dyspmra,  and  cough;  r"^"' 
7,000,000  to  /..loo.ooo;  ba;m(>gli)l)iii,  105  to  116;  Icucocylts.  9000  to  [0.000  Kik  -"J^ 
ri-purls  a  ca^c  \ijlh  lironchiccla.si-i,  Turk''  repiirls  scvi-n  cases  like  O^ler'*.  '' 
with  aulop-y,  with  counts  from  7.700.000  In  10.600.000.  He  snggcsls  that  the  cy  .^E^r 
>is  is  niu  Jill'  111  dclicicnt  acralion  of  llie  bliviil.  but  to  a  crowdiiii»  of  ics>cl-  ~^ 
an  cxcessi\c  miiiilicr  «f  cell-:  ihnt  llicse  cases  arc  nut  rare,  but  are  iliagnosc —  il 
pseiulnltukicuii;i   <ir   liypcrlrophic   liver   cirrhnjia;    that   the  enlarged   spleen   i-  ' 

the  priiii.iry  Ic-inii ;  that  this  is  a  primary  hyjicrplasia  .iml  increa-cd  ii]n  m~'Ii 
of  (be  crythrulila.-lic  iu\el()gL'iious  tissue,  hence  the  di-ease  is  aiialo^mis  tn  lci.ik,t^-f~rn 
except  that  there  the  hyperplasia  is  (i(  the  lenkol)lasiie  tii.trrow  eleuieul>.:  in  r'  -H' 
of  iliis  i.s  iiKo  the  cnn-l,iul  prc-i'uce  nf  almormal  red  cells  and  of  niyeluc^.v/c 
Olher  inlercstiuf;  cases  of  polycylh.'cniia  without  cyanosis  occur,  as  Zandy's,*'  i>'li 
pr(4io-.es  the  term  "  crylhrncytiwis."  His  was  als.i  a  case  of  splenoim-jjah  :  ihc 
ci'utit  w.ns  ei  tu  'i.joo.ooo.  lurk"'  reports  a  case  with  cirrhosis  nf  the  liver  ■viil 
tidargtd  spleen,  with  a  count  of  'j.,too.oo"i ;  leucocytes.  ,17000 :  h.tmogloliin,  /<*,' 
Ruis,     Gresliock^'  nieiitions  cases  nitli  uolliiiig  but  the  high  couut. 

Tht:  coutils  lucidly  lii!,;h  are  es])ecially  imjxirtaiit.  fi>r  one  cnmt- 
ini;;  binnd  must  exclude  ilicm  by  not  takinsr  his  ilrop  fruin  a  blue  ear 
or  finger. 

'"Am.  Jour.  Med.  Sci.,   100,?.  vol.  cxxxvi. 
"  Wieu   klin.  Wocheuschr.,  1904.  Nns.  6  and  7. 
"■'Miiuch.   nu'd.   W  ochcuschr..   njoj,   No.   27. 
"'^' Deul-cli    Tiitd.   W'ochenschr..   11)04.   \o.  50. 
■'  neiusch.  UK'd.   Wocheiisclir..   11)04.   No.  20. 
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I  There  is  one  point  lo  be  ternc  in  miiicl  in  thi*  i-uniKction.  that  wc 
iniially  count  capillary  bloud.  not  iiricnal  or  venous.  aii<!  tlie  count 
in  the  capillaries  need  not  l)e  Ilie  same  as  that  in  the  vessels.  A 
tqiillary  field  of  the  frojj's  mesentery  or  rabhit's  ear,  e.g.,  is  seen 
to  contain  few  cor|>iiscIes  moving  in  single  file  through  the  capillaries. 
and  some  channels  so  narrow  that  the  cells  do  not  enter  them  at  all. 
In  cases  of  active  congestion  from  warmth,  or  of  venous  stasis,  the 
capillary  bcci  is  much  widened,  the  capillaries  filled  with  cells,  even 
fiiwe  which  before  transmitted  only  plasma:  hence  the  count  is  higher, 
t  ii  not  ^n  much  changes  in  the  relation  between  plasma  and  tissue 
VTn[>l»  which  can  cause  very  rapid  changes  in  the  capillary  count  while 
lui  in  the  arteries  may  rcinaiii  constant,  as  factors  governing  filling 
nrf  circulation  of  the  capillary  area.  The  count  in  capillaries  and  x'elns 
)  about  the  same.  Following  more  marked  changes  in  temperature. 
leg.,  after  a  cold  bath,  the  count  does  rise  in  the  arteries,  since  then 
le  flow  to  the  tissues  is  increased, 

Tliese  ch.ingcs  are  much  more  marked  in  the  leucocytes  than  in  the 
Ids.  since  the  former  collect  in  the  vessels,  forming  layers  along  the 

pits- 

Cyanosis  may  deceive  one  much.  us.  for  instance,  in  a  case  with 
omial  hlooil-count  which  at  autopsy  shows  a  condition  suggesting 
Emicious  anarniia.    The  same  is  true  of  certain  dysenteries. 

Similar  cises  with  high  counts  follow  the  use  of  various  coal-tar 
nxlucls. 

I  A  ttadcnt  recently  tiantlling  nnilinc  oil  btcarne  cyanotic:  letl  cell*,  f.goo.ooo; 
pioglotiin,  107  per  cent.  (Dare):  lcLtcocyt««.  610D  Six  days  later  llic  nd» 
In  sj£4fioo.  hzmoglobin,  78  per  cent.  (Dare). 

i  Resistance  of  the  Red  Blood-Cells. — Many  methods  have  been 
pofKised  for  dctemiinmg  the  resisiaucc  uf  the  red  blood-cells,  in  the 
ope  of  explaining  phenomena  sucli  as  hremoglobiuKjmia.  .\t  first 
itsc  methods  were  mechanical,  chemical,  electrical,  but  are  now 
blogical.  the  sicic-chain  theory  of  Rhrlich  Ijcing  invoked  to  explain  it. 

f  Hunbi»Ecr'>  Method.— Sixteen  Hiiall  kUmm,  each  containinK  ■  «.  of 
Kxliiini  chloride  solution  of  v.irioui  Mrcngihs.  the  lowest  04  per  cent,,  antl  each 
Ccceding  oiie  o.o.\  per  cent  lii)[lier  thai)  the  preceding,  arc  used  One  drop  of 
jort  i*  pUcril  in  each,  Mirrcd,  allowed  10  ^tand  (or  six  hours,  and  then  cxam- 
rd   1"   »«   if   it   is   lakcd.      Normally   the   lowest   cotiecmratinn    which   Ihe   celts 

II  ritdurc  is  0,46  per  cent.  Since  the  letum  i*  equivalent  to  0.0  NaO  solntion, 
i(  ciidenl  that  the  cells  live  in  a  hypertonic  medium,  With  (hit  method  tli« 
dsinnce  has  keen  fonnd  mcrejihcl  in  nnxmiai^.  in  hxinoglobiniFinis.  after  tnany 
iionc.  in  typhoid  fever,  eryiipclai.  pnenmonia.  and  jaundice-  The  method  is 
ilty,  however,  since  in  paroxysmal  hajmntilnbinnrja  the  cells  have  been  found 
rmat.  hnl  of  lowered  rcsi<innce  10  mechanical  iliMiirbancc  Stengel  proposes 
[  (ol)'>w<ne  nieiltod.  The  blood  is  dihitc<l  1:10  in  a  Zci»«  leiicooic  pipette. 
Ih  «>dint"  chloride  *oliltion<  ijirying  from  0.4J  to  05a  per  cent.  The  lilnod  Ib 
xcd  and  then  blonn  into  stnall  tnbes  sealed  at  one  end.  These  are  allowed 
Od  and  llwii  cent nfug.ili zed  for  from  two  10  five  minutes,  (hen  beUt 
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carefully,  pushing  off  this  excess  and  leaving  the  chambers  exaflly 
full.    The  slightly  raised  partition  prevents  mixing.     The  small  cap,  F, 
is  then  put  in  place,  to  hold  the  cover-glass  secure  and  also  to  limil 
the  fieltl  of  vision  to  one  about  3°  in  length.     The  cell  is  then  placed 
in  the  receptacle  on  the  stand.  A,  and  the   instrument  placed  in  a 
screen  which  admits  the  light  at  one  point  only,  where  it  will  fall 
directly  on  the  mirror  and  illumine  both  sides  equally.     The  light  to 
be  used  is  a  yellow  flame,  whether  from  gas,  oil,  or  candle.     Electric 
light,  a  gas-light  with  a  mantle,  or  sunlight,  cannot  be 
used.     The  person  should  sit  in  a  comfortable  manner 
with  the  eyes  about  25  cm.  above  the  instrument,  anil 
make  his  readings  with  both  eyes  open.     The  niiilH 
head.  C,  moving  the  color-prism,  is  then  rotated  until 
that  part  of  the  prism  (see  Fig.  107)  which  just  matches 
the  color  of  the  blood-mixture  is  under  the  water  half 
of  the  cell.     In  doing  this  it  is  well  to  make  quick  excur- 
sions to  both  sides  of  the  point,  gradually  diniiiiisliing 
them  until  the  point  of  matching  is  reached.     Since  the 
retina  is  soon  fatigued,  and  is  not  then  sensitive  to  col- 
ors, the  eyes  should  be  rested  after  each  fifteen  second? 
of  col  or- matching.     A  very  conscientious,  painstaking 
student  will  sometimes  get  results  much  worse  than  the 
careless  student,  since  through  careful  work  the  eyes  are 
fatigued.     When  the  color  is  matched  the  reading  is 
made.     .'\t  least  five  such  readings  should  he  taken,— 
ten  arc  better, — and  the  mean,  net  the  average,  nvil. 
The  hlood  is  then  removed  by  sucking  it  up  with  the  me- 
langeur   from   this    (the    deep)    chamber,    the   shalji™' 
cbaniher  filled  in  the  same  way.  and  a  similar  serie?  I'i 
readings  is  made.     Since  these  cells  have  heights  wliicli 
are  to  each  ntiier  as  5  is  to  4,  and  since  differem  parts 
of  the  color-pri.sni  are  used,  if  the  readings  of  the  hwcr 
nuilti|>hcd  by  '■   ,  differ  from  the  a\'erage  made  widi  the 
higher  by  not  over  2  per  cent.,  and  the  instrument  is  a 
well  standardised  one.  it  is  seen  that  the  rcachngs  are  5" 
controlled  that  considerable  error  at  this  ])nint  is  impossible,      We 
insist  that  the  student  shall  if  necessary  jint  the  bliio<l  back  again  into 
the  deep  chamber  ami  repeat  the  work  until  the  readings  with  the  tw-i 
cells,  both  calculated  for  the  [5  mm,  cell,  <1()  not  vary  over  two  point*. 
The  great  advantage  of  the  instnnncnl  is  dial  each  is  accompanied 
bv  a  scale  wliicli  give*  the  number  of  milligrammes  of  b;cmng|ol>in 
]ier  litre  of  diluted  bhuid  c"rres]tonding  to  die  readings  of  that  par- 
ticular instrument.     It  is  of  the  utmost  im])nrtancc  that  the  right  \y->rk 
Ixr  used.     It  is  then  easy,  making  due  allow^ance  for  the  dilution,  to 
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fdrtcrmiiie  the  miinber  of  grammes  of  liaMiioglobin  in  too  cc.  of  blood, 

ilic  (!csirc<l  rcstili.     [f  th«ii.  vviili  due  olisenaiice  to  ihe  age  airve,  the 

worker  wishes  to  express  his  answer  as  a  percentage,  lie  is  at  liberty 

}»  to  do.     This  instrument  has  been  fonnd  tc>  be  correct  within  0.2 

fpcr  cent,  of  hxmoglobin.     In  case  a  light  screen  i»;  not  at  hand,  a 

[tube  of  blolting-papcr  mav  be  fitted  over  the  cell,  ihns  the  si^ic  Mgbt 


FUj   10;  -rulot-iJiism  Bl  Ihe  Fleijchl-Mlcsihtr  itisiiuiuiihii. 


is  screened  from  llic  eje  over  this  inbc.  A  person  should  be  careful 
hi  this  case  to  change  frcipicnily  the  eyes,  so  that  neither  may  become 
fatigued. 

The  mixing  pipette  is  cleaned,  etc.  just  as  is  that  nscd  in  blood- 
oouniing. 

FIdscU  H»inogloblnometei. — 'lllis.  until  within  a  few  years.  W.is  in 
this  country  the  favorite  instrument.  The  Micschcr  machine  just 
described  is  an  improved  fonn  of  this.  The  blood  is 
taken  in  a  small  short  cylindrical  capillary  tube  (see  Fig. 
io8>.  which  is  only  a  few  niillimctrcs  long,  perhaps  1  mm. 
wide,  and  holds  from  aliont  5  to  8  cnini.  of  blood.  It  is 
fastene<l  in  a  snwll  metal  holder  by  nicins  of  cement.  To 
wash  ibis  in  alcohol  or  ether  results  invariably  in  loosen- 
ing the  tube,  and  when  once  loosened  it  is  so  small  and 
easily  broken  that  the  pipette  is  as  good  as  ruined.  It 
slionUl  l)c  cleaned  by  water,  and  then  by  rlrawing 
through  it  a  needle  with  a  thread  soaked  in  alcohol  and 
then  in  ether.  It  nmst  be  perfectly  dry.  The  point  of 
prime  importance  is  tliat  the  nuinlier  on  the  handle  of 
this  ii'Iiettc  shall  corresjxnid  to  the  number  on  the  post  of  the  machine, 
olhcrwiw;  gross  errors  will  cert.'^iniy  result.  This  pipette  is  filled  by 
toncliing  its  end  to  a  large  drop  of  blood.  It  should  not  be  stuck  into 
the  UIcwhI,  since  any  VcUing  of  the  outside  is  to  be  avoided.  One  makes 
sure  that  there  is  no  blood  on  the  outside,  and  that  the  tube  is  exactly 
filled,  having  neither  a  concave  nor  a  convex  meniscus.     Mcanwliili 
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ilic  cell  (sec  Fig.  105)  of  the  instninicm  has  l)ccn  filled  *>ii  tlie  one  wk 
with  water  and  oil  the  ntlicr  side  by  a  few  dnips  of  water.  'I'he  pi|)0:f 
is  dropijed  into  this  latter  and  emptied  by  rapidly  agitating  it  in  tiiii 
water;  then  with  a  few  drops  of  fresh  water  the  drop  of  fluid  ctiiiffiiiK 
to  it  is  washed  hack  into  ihe  cell.  By  means  of  the  handle  ot  theitipciie 
Ihc  blood  is  then  thoroughly  mixed  with  more  water,  until  tliis  chambr 
of  the  cell  is  fille<l  to  the  brim.  The  two  halves  should  then  be  exacilj 
full,  without  concave  or  cnnvc-x  meniscus,  and  certainly  willmil  any 
leakage  from  one  side  to  the  other.  They  may  l>c  coverc<I  over  with 
a  suitable  cover-glass.  In  a  dark  room  the  instrument  is  read  as  ihc 
M  iesclier. 

Thcrr  are  a  few  prccaiitioni  10  observe.     The  imagei  of  ihc  i»o  chambtn 
illuuM  fall  un  \1k  rifclii  unit  left  IihIvc^  »i  the  retina,  never  on  llie  upper  and  \ott'. 
fiinre  ihc  lower  half  of  ihc  retina  h  not  nearly  to  tcn^ilivc  ai  i<  Ihc  uppci:   '^' 
lillht  «hoi]l(l  never  he  in   fronl  uf  ilic  inMrunicni.  Init  at  ilie  itide :    a>  ^raall  1 
candle  ni  po»tbl«  should  he  used;    jf  ihcrc  i>  no  tereen  handy,  a   lube  of  dif)' 
paper  will  iiiflicc  10  cut  ont  extraneous  ray».     T)ie  incunvenienctk  of  the  machmt 
nrc  the  following :   in  the  lir^i  place,  one  ii  looking  at  a  color  field  of  th«  priim. 
which  varies  at  its  extremities  hy  at  lean  is',  and  the  observer  musi  try  to  mi 
Ihe  color  al  the  centre  ol  a  field  wiih  >uch  wide  variation  at  ihit  (compare  tlic 
cells  H  (li  the  Flci»ehl  uiili  G  of  the  Mic^ciier),     It  is  ditfictilt  to  mtc  hii«  1 
perion  can  claim  to  niake  readnigi  within  i  per  cent.     Again,  the  inttrutnem  hu 
cellninly  not  licrn  siandardtxcd  as  accurately  at  is  desirable,  ihcrc  being  conndct- 
able  dilJiTciice  between  the  older  and  ihe  newer  in^trumcnu.  and  even  in  the 
latter   il    h   tiatci]   iliat    Ihc   prism   has   tilraighl    sides,   which   certainly    does   not 
fulfil  the  reiinireinenis  of  a  good  optical   inslrunient.  since  dejill)  of  color  ii  not 
directly   proportional   in  ihic-knc^K  of  glass,      pnr  this   reason  all   rcitdinKS   thoalj 
he  made  on  the  tipiicr  half  of  the  prism:    hence,  if  the  blood  be  known  to  be 
nnarmic  at  leasi  two  nr  thrrc  pipctiefuls  are  employed  for  caHi  dcteniiinali^i     T)ie 
instriTmcnt  is  bulky:    it   in  aKo  expensive.     The  (greatest  objcclion   (o   tt   Ihat   we 
find  h  thai  It  li.-it  the  appearance  of  accuracy  without  the  reality.     A  person  llut 
lias  used  no  oilier  machine  n   uMially  confident  ihal  he  can  read   williin   a<   iea>t 
1  per  cent,     Wc  sinpect  that  ihc  error  inherent  in  the  machine  ii  at  Jcssi   5  per 
cent      The   observer   Bhonld   be   very    careful    to   tise   hii    retina    noi   over   fifteen 
lecond*  al  a  time,  to  prevent  f.-iligue.     To  clear  the  blood  in  ca<c  of  lipxrmia  ami 
iii)th  leticocytosis  by  means  of  ciher  and  potassium  hydroxide  is  not  to  1>e  r«onni- 
mendetL 


Oowera'  Instrument. ^Th is  little  instrument  (sec  Fig.  109)  is  mucti 
to  be  reoiinineiidcil.  perhaps  is  the  Itest  for  the  general  practitioner.  It 
is  cheap,  easily  portable,  simple,  and  should  be  fairly  accurate.  It  con- 
sists of  a  coli)r-ud>e,  M. containing  a  fluid  the  tint  of  i>ne  per  cent.  Iwemo- 
globin  solution,  and  a  graduated  test-tube.  A.  into  which  20  cmnt. 
measured  in  the  pipette.  C.  are  diluted  with  water  imtil  the  tints  match. 
The  percentage  is  read  tlirectly  on  the  graduated  scale  from  tile  height 
of  the  dihued  Wowl. 

The  blood  is  drawn  to  the  proper  mark  in  a  measuring  pipette, 
and  then  blown  into  the  graduated  tube,  in  which  have  previously 
been  placed  a  few  dnips  of  distilled  water.     By  sucking  ihi<  water 
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back  and  forth  the  insiik  of  tlit-  pi|>(.'ltf  may  be  (|iiil<:  lliorouglily 
dtarisc<i  of  llic  b!(K«I.  but  it  slioiiM  llicii  be  again  fillerl  with  liislillfd 
iiiter  and  lliis  added  to  wash  out  the  last  tract-.  The  blood  is  mixcil 
uilh  die  water  by  coveriiij;  iht-  end  dI  the  ndie  with  the  lluimh  and 
im-ening  it  several  times,  biit  the  tlniinb  slumld  he  wijwd  Jicross  the 
tup  of  (he  lube,  that  the  clinging  drop  of  water  may  not  lie  lost  to 
the  mixture.  It  is  well  in  readinj^  these  two  tubes  to  use  Itoth  direct 
ami  iransmitted  hght.     They  are  best  held  against  a  sheet  of  wliitc 


tici.  no.— Sabli't 
hjriiiumctci. 


paper,  and  it  is  also  well  to  cover  their  upper  ends  by  another  piece  of 
paper,  that  ihc  rcaticr  may  iiol  be  biased  by  the  height  uf  the  column. 
In  certain  instrninents  there  is  a  HiIk  far  daylight  and  one  fur  artificial 

The  instrument  is  not  claimed  to  he  accurate  within  less  than  a1)out 
5  per  cent.  In  buying  this  instrument  it  is  very  cs.sential  to  get  one 
made  by  a  responsible  firm,  for  the  market  has  simply  been  flooded 
by  cheap  instnimcntt  which  have  not  a  semblance  of  accuracy.  We 
rcconimcn<l  those  wluch  Iwar  Sabli's  name,  since  he  guarantees  the" 
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accuracy.  It  should  be  remembered  that  these  color-tubes  of  gelatin 
stained  with  picrocarmine  certainly  bleach,  and  should  be  renewed 
from  time  to  time.  When  tiot  in  use  they  should  be  protected  from 
sunlight.  An  advantage  of  these  instruments  is  that  no  greater  ac- 
curacy is  claimed  than  they  possess,  and  one  is  not  tempted  to  read  to 
1  per  cent.  Another  advantage  is  that  there  is  but  one  color  to  stand- 
ardize instead  of  a  whole  scale. 

The  Hsmomcter  of  Sahli  (see  Fig.  iio). — While  this  has  not  been 
sufficiently  tested,  it  promises  to  be  one  of  the  best.  The  principle  of 
this  little  instrument  is  that  of  the  Gowers,  but  the  color-tube  contains 
acid  hsematin,  i  per  cent,  solution,  and  the  haemoglobin  of  the  blood 
is  also,  by  means  of  hydrochloric  acid,  changed  to  acid  h^eniaiin,  a 
pigment  quite  constant  in  composition  and  color  value.  The  ipstni- 
ment  may  be  used  in  any  light,  since  the  two  tubes  contain  the  same 
substance,  and  would  therefore  be  modified  equally.  The  blood  is 
obtained  in  the  same  way  as  for  the  Gowers,  and  blown  and  washed 
into  the  graduated  test-tube  into  which  has  already  been  placed  up 
to  the  ID  per  cent,  point  a  tenth-normal  solution  of  hydrochloric  add. 
(This  may  be  made  with  sufficient  accuracy  by  diluting  15  cc.  of  the 
pure  acid  to  one  litre  with  distilled  water,  Sahli  recommends  tlial  a 
little  chloroform  be  kept  in  this  stock  bottle.)  The  hydrochloric  aciil 
in  a  few  minutes  changes  the  haemoglobin  to  acid  hxmatin.  It  is 
then  diluted  with  distilled  water  until  its  tint  corresponds  to  thai  of 
the  standard  color-tube.  These  tubes  are  placed  in  a  very  convenient 
little  stand  with  a  groiuul  glass  back,  which  renders  the  rcailing  e;i*y 
and  f[iiite  accurate.  The  cidor-tiibe  is  said  not  to  deteriorate  wiih 
age  so  nnich  as  that  of  the  Gowers  instrument. 

Dare's  HeBinoglobinometer.—'I'his  iiistmnieut  (see  l-'i^-  111),  re- 
cently put  on  the  market,  certainly  promised  very  go.id  results,  ,\ 
film  of  undiluted  hloiul  is  compared  with  a  colnr-prism  stained  villi 
golden  purple.  The  pipette  ( sec  Fig.  1 1  j)  consists  of  two  jilates  of 
glass,  one  white,  .-\.  one  clear,  H,  between  which  is  a  slit  of  known 
width.  .\  rather  large  drop  of  hlnod  is  necessary  and  will  at  once 
by  ca])illarity  fill  the  slit.  The  pi]>ctte  is  tlien  slij)])ed  into  the  instni- 
menl.  Fig.  1 1 1.  B,  and  the  re;iiling  made  at  once  by  the  light  of  a  caiullo, 
E,  attached  to  the  instrument,  not  Ticccssarily,  however,  in  a  <lark  rnoni. 
providing  the  observer  faces  a  Mack  background.  On  the  instrument 
is  a  telesco])e  tube,  .-\,  wliicli  allows  accurate  focussing  and  also  an 
advantageous  niagnificatinn  of  the  two  color-fields.— that  of  the  bliKid 
and  of  the  colnr-jiri^ni.  V>y  means  of  a  small  wheel.  D.  the  prism  is 
rotated  until  the  colors  match,  and  then  the  reading  is  made  at  the 
knife  edge  on  the  edge  of  the  disk.  The  same  precaution  of  not 
tirini;  the  eye;  is  to  be  observed  in  this  as  in  all  other  color-tests.  Tlie 
advantages  of  the  instrimient  are  that  undiluted  blood  is  used:  that 
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it  is  rapid ;  that  leucocytes  do  not  affect  tlie  reading  as  in  the  other 
instruments;  and  that  it  can  be  used  in  a  light  room.  Its  disadvan- 
tages are  that  certain  of  the  instruments  were  not  well  standardized 
when  put  on  the  market,  and  while  they  may  now  be,  still  the  read- 
ings are  generally  rather  low;  the  instrument  is  expensive:  the  read- 
ings must  be  made  at  once  before  clotting,  since  in  a  very  few  minutes 
the  reading  jumps  from  5  to  to  per  cent.  It  is  rather  a  fragile  instru- 
ment and  does  not  stand  the  wear  and  tear  of  hard  usage.  Neverthe- 
less, it  is  rapidly  cleaned,  it  is  a  very  convenient,  satisfactory.  an:l, 
when  well  standardized,  accurate  instrument.  We  do  not  recoin- 
rtiend  it  as  superior  to  the  Miescher.  and  we  do  not  think  it  enough 


Fic  111- — Hare's  hsmofilobinameler.  A,  tclFscope;  B,  pi- 
pette in  place:  C,  esse  inclcstn^  color-prlsrii  ;  D.  milleit  hrad 
BKn'm^  priim ;  E.  candle ;  F,  window  admitlin^  1i|?h1  ^o  coIot- 
priun. 


A 
FlO.    Il».  — PipellC    u( 
Dais's  iiiAlrunicfiU    A.  the 
wliili' Riass;  B.  cIcHT  gU&s 
disk. 


better  than  the  cheaper  instruments,  especially  the  new  Salili,  to  justify 
its  high  price.  We  have  l^een  very  much  please<i,  putting  several 
instruments  in  the  hands  of  as  many  workers,  to  find  how  closely  they 
agree  in  their  readings  on  the  same  case. 

The  Oliver  Instrument. — This   inslniment  is   historically   important,  since   it 
was  the  first  accurate  instrument  proposed  to  replace  the  v.   Fleischl,  which  before 
then  had  been  accepted  as  the  standard.     It  consists  of  two  frames  of  tinted  glasses, 
six  disks  in  each,   the  colors  of  these   glass  disks  varying  by   10  per  cent.     The 
blood   is  obtained  in  a  large  automatically  filling  pipelle,  is  mixed   in  a  cell   with 
white   base,   and   covered   with   a   cover-glass.      By   candle-light   the   color   of   this 
mixture   is  compared   with  the  various  glasses   tmlil   il   is  decided  between  wh"' 
two  it  stands.     The  eye  must  be  screened  by  means  of  a  camera  lucida  from 
rays.     By  means  of  riders  of  colored  glass,  which  raise  the  percent^e  «  •*• 
(certain  special  instruments  have  a  rider  for  each  per  cent.),  closer  ' 
be  made.     The  instrument  is  well   standardized  and   welt  made.     Y 
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Rosin  and  Jellinek,^'  comparing  the  Jolles  instrument  with  a 
Miescher  hasmoglobinometer,  fincl  no  fixed  relation  between  hEcmo- 
globin  and  total  iron.  Some  cases  have  high  color,  diminished  iron, 
a  variable  count,  as  uncompensated  heart  disease.  Sotne  have  hi^ 
color,  low  iron,  and  normal  count,  as  jaundice,  diabetes,  Graves's  dis- 
ease. Some  have  low  color  and  high  iron,  as  some  anxmias  and 
chlorosis.^* 

Haemoglobin. — One  hundred  cc.  of  normal  blood  are  usually  staid 
to  contain  from  13  to  14  gms.  of  hemoglobin.  Careful  estimations 
of  the  haemoglobin  at  the  various  ages  have  shown  a  regular  age 
curve,  quite  parallel  to  that  of  the  red  blood-cells,  but  with  variations 
a  little  more  pronounced. 

AgE.                                                                 Gnu.  per  Km  cc.  of  Blood, 
t  to  4  days    19.329  to  21. 160 

8  to  14  days  17.869  to  16.124 

8  to  20  weeks   15.362  to  12.928 

6  months  to  5  years   IO.971  <o  11-373 

5  to   15   years    11.151  to  11.796 

15  to  25  years   13034  to  13.870 

25  lo   45   years    14727  to  15013 

45  to  60  years   12.484  ~.o  13HP 

From  this  table  of  Leichtenstem  (modified  from  Sahli's  quota- 
tion) it  is  at  once  evident  that  the  age  cur\'e  must  be  considered  in 
all  blood-work,  and  the  haemoglobin  given  in  grammes  per  100  cc 
rather  than  in  percentage,  since  there  is  no  one  figure  which  could 
be  considered  100  per  cent,  for  all  ages. 

By  oligi'chi'buicriniti  is  meant  a  relative  diminution  in  the  amount 
of  hemoglobin  per  unit  volume  of  blood.  It  therefore  is  seen  to  have 
merely  a  relative  and  not  an  absolute  value. 

By  color  iiulc.v  is  meant  the  percentage  of  hremoglobin  divided  by 
tiie  percentage  of  the  red  bluod-ceils.     This  figure,  as  Duncan  first 
»ilinwed.  is  of  ci>nsi<!erab!e  importance  in  some  cases.     For  estimating 
the  denominator,   5,ooo.cxx)  red  blood-corpuscles  are  considered  ico 
per  cent.,  while  the  numerator  is  the  per  cent,  of  hasmoglobin  read 
with  any  inslrument.     The  color  index  is  less  than   i   in  all  cases  in 
uliicli  the  blood  after  an.-cmia  is  regenerating,  hence  in  al!  seconihr)' 
anreniias,  and  especially  in  chlorosis,  in  which  the  average  is  ahmil 
0.5.  in  Slime  cases  being  as  Inw  as  0.3.     In  pernicious  anemia,  on  the 
oilier  hand,   the  index   is   increased,  the  average  in   a   large  miniber 
of  cases  of  Cal>nt  being  1.04.  and  one  case  reaching  1.75  (count  i.ooo,- 
000.  li.-enioglnhiii   7,^).     The  hitjh  color  index  is  of  especial  value  in 
differentiating  pernicious  anremia  from  certain  cases  of  cancer  of  the 
stnmncli.  a  diagnosis  clinically  hard  to  make.     To  tie  of  value,  how- 

"  Zi'il^,   f.  klin.   Med.,  Bii.  .w.  p    100, 

"  See  nl?o  Mayer.  Zeii.  1.  klin.  .Med..  igo3.  vol,  xlix.  p.  475. 
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ner,  tlie  variations  must  not  be  in  the  second  decimal  place.  Il  is 
not  a  strict  mathematical  calailation;  the  figures  are  totj  approximate 
lur  that. 

I  The  qucMJon  arUe*  nt  onw.  What  n  the  color  index  reckoned  in  tlic  abuve 
rvtr  for  the  averse  nunnal  man  aiiij  woman?  Five  million  i*  only  in  vttj 
T»l  tertnt  the  niirmal  figure,  and  irw  h^rinoglobinotnclcr^  read  iiorinal  blood 
«  ICO  per  cent,  A*  sUtcd  on  page  Jt^S.  laking  inslruintiiu  ai  Ihty  come.  Ilie  index 
n  (airljr  normal  peruins  varici  frani  o.So  to  0.88.  In  Ihc  ca«c  of  out  tludeiilt, 
the  men,  with  the  riei!(;li1  uiid  Guwert  imUumeiUs  had  an  index  o(  O.H.).  with  the 
Oart.  0J?7:  the  women,  with  Ihp  Fleisclil,  a8S,  Dnrc.  0.9,  Govtcrt,  o.8i  Yet  we 
oftrn  Me  cases  nitli  ihe  utiove  indexes  rC|Joried  s.i  "  tnild  chlorulic  anxmia."  All 
our  raici  arc  to  be  judfied  in  ilic  niiiirc  wiili  ihit  norninl  index  in  view. 

The  question  was  nppronchcd  in  >.ii1l  another  way.  Our  MudenlV  work  iiichidcd 
S(ij-thr«  records  of  counts  and  Mie^chcr  hieino|;lubin  e*timnlioni  made  on  the 
"lime  blood*  at  the  tame  hour.  The  counit  varied  from  4,^00,000  lo  6.70o/X)o,  and 
ihe  bxRioiclobin  from  lo.p  to  IJ.3  gmv  If  in  each  cate  the  number  of  grammes 
3f  hemoglobin  per  i^oooAOO  cclU  be  rcfkoned.  the  mean  of  ibc-e  fiK<irc*  should 
>e  aa  approximately  normal  color-index.  These  quutienti  (ell  wiihm  surpris- 
Mgly  (lo"  limilii,  42  of  ihc  33  varying  from  11  lo  3,8  gmt. ;  mean.  ^63  gms. 
>er  ijO0o.0ixi  celU.  L'sini;  this  finure  ai  the  Jtaiidard  of  hnrmoglobio  content,  we 
lupe  in  ihc  fmiire  lo  he  mi>re  accurate  111  onr  use  ot  the  color  index. 

One  point  we  may  be  pardoned  if  we  emphaiixe.  Slndenti  seem  lo  consider 
Im  ihe  mcrhanitni  regulating  the  blood-coiini  i*  fllniosl  at  delicate  as  thai  eon- 
irolbng  ihc  body  heat,  and  that  the  count  of  the  blood  of  normal  men  should  vary 
tlmoii  as  liiilc  aii  doct  the  icmpcralurc,  alihoiigh  that  varici  Ronicwhat.  The 
norc  carefully  the  counts  are  made,  the  better  the  iniiniraenis  used  tor  hirnio- 
[lobiii,  the  more  evident  are  the  individual,  both  general  and  local,  the  daily  ani 
Masonal.  ainl  the  racial,  variatiuns.  It  is  more  like  the  height,  weight,  or  muicular 
Itvelopment.  And  yet  the  regulation  al  iltc  composition  of  the  blood  is  wonderful. 
^t  variei  within  i|uile  narrow  hmii*.  although  tlirough  the  ve»clt  pnu  enormous 
mounts  of  water  as  in  diabetes  insipidus,  of  water  and  solids  as  in  diabetes 
nelliiuk  of  albiunin  and  water,  a*  is  teen  In  caact  of  rapidly  collecting  anciici 
'epeateilly  tappe<l  with  the  (reqiieiit  withdrawal  of  even  8  litres  of  what  is  prac- 
i(illy  ItlcMid -plasma,  while  Ihc  blood  remains  wondcrftilly  little  changed.  Yet  no  one 
igure  is  norma!  for  all  men,  nor  constantly  for  one  man  The  same  is  true  of  the 
Ota)  amotmt  of  hicmoglobin  per  100  cc.  and  alto  [or  iMal  per  cell.  Hence,  in 
U'lcirtg  of  Mood  reports  one  muM  not  try  to  apply  any  hard  or  fast  Tultt.  but  to 
the*e  variations,  since  they  may  be  put  lo  practical  use 


r. 


The  "volume  indcAr."  or  the  rinoiient  of  the  volmiie  pt;r  cent,  and 
lie  count  per  cent,  (  5,(X)o,ooo  ^^icm  per  cent.)  promises  well.^"  To 
letemiiiie  the  voUimc  of  the  corpuscles  Capps  uses  the  hxinalocrit 
ind  luulihited  blood.  .A  length  of  the  column  of  corpuscles  of  50 
«r  cent,  he  accepts  as  iinrmni,  hence  the  iix)  per  cent,  of  the  calciila- 
ion    («e   page  415). 

The  most  iniportatit  result  he  obtained  is  that  in  pernicious  anaimia 
he  color  index  never  exceeds  the  volume  index;  that  is,  that 
here  is  no  supersatu ration  of  corpuscles  with  lixmoclohin,  and  the 
ligh  color  intlex  is  due  to  increase  of  si^e  aloni*  ^'■"  ""  the  other 
Ami.  in  other  ansniias  the  color  index  ma 
ndex.  anrl  the  color  index  drops  more  rapiff 

"Capps,  Jour,  ot  Med.  Reie* 


470 


CLINICAL   IJIAGSOSIS 


h«aiiiig  and  in  ihe  stain,  ami,  indeed,  witli  sonie  mixtures  mar  le 
produced  at  will,  and  wliicli  bear  no  rclattuii  to  tlic  outjini  of  alloxunc 
bodies  in  tJie  urine. 

The  Ghanulation  of  Lymphocytes. — In  well-spread  siwcimmi 
stained  by  the  various  modifications  of  llie  Ruinanuwski  stain  are  sen 
fine  violet  graiiules  in  alx)Ut  one-lliird  of  the  lynipliocyte*,  ihose  wiih 
a  fairly  wide  proloplnsmic  margin.  They  arc  not  always  sphcnal; 
their  size  is  between  the  o  and  *  ;  few  or  many  may  be  present  tn 
one  cell.  y«,  as  a  rule,  iliey  arc  not  too  niiiiierons  to  coiml.  The] 
occur  also  in  llie  large  mononuclears  and  transiiionals.  Tlicj-  cann<ii 
be  suincd  by  the  Ehrlich  stain.  By  this  discovcrj'  Michaelis  inii 
Wolff*'  consider  that  they  have  broken  down  the  slurp  line  of  dt- 
marcation  drawn  by  Ehrlich  between  the  graniiLnr  and  the  non- 
granular cells.  ITicy  are  not  found  in  cells  from  smears  of  lymph- 
glands,  or  of  marrow.  Ehrlich  rq>Iied  that  while  it  cannot  be  ileiiicO 
that  lliese  were  granules,  yet  llicy  cannot  be  considere<l  as  forming  .i 
definite  granuhtion  in  the  sense  in  which  he  used  the  term,  since  tbcv 
varied  so  in  number  in  the  type  of  cells  containing  them ;  nor  diJ 
they  occur  in  all  the  cells  of  the  class  in  which  some  were  foiim!: 
and  they  rctjuired  a  \ery  sjiecial  method  of  staining  to  ilcmotiiintt 
Ihem. 

Fatty  OKAsri.F-'i  occiir  in  the  lencocytcs  in  cases  of  hypcrpyrfxia. 
are  easily  recognized  and  easily  stained  with  Sudan  111. 

Ehrlicli'i  classlficnilon  of  crannies  i!^  «xc«diniily  sntiffa«tory  a«  x  itxt-hM^ 
dcicripiion,  but  one  workinn  much  with  ibc  blood  linds  thai  nRitirc  hai  nol  in*'^ 
the  lines  lo  iliarply.  Ehrlich  ailmits  that  both  a  and  t  granules  develop  IroiV 
bninphik  granule'  In  eosiiiophilc  cells  ihere  inaj-  be  a  an<i  8  granulti:  ifi*' 
from  Ihii  pouibilitf,  all  a  itraiiiilcs  ar«  iioi  of  the  nunc  liic,  bul  some  hrcerofi^ 
are  inixeil  in,  »[iccially  tn  the  cell*  of  bone-marrow,  sometimo  a  lew  b  w* 
eo»ini>i)hi1c.  spmctinies  m.my.  Thc*c  inii)'  rcspinlik  inyclin  ur  other  iksencrslwn 
or  cell  iiichitionK,  and,  indeed,  the  brger  or  most  may  be,  bin  cxclndiiig  ihnc 
e^-cn  ill  Wfll-MMiiicd  ^pecinniis  ibe  sire  a  not  always  unifnim.  The  view  !•  t<^^ 
ba  mentioned  tlini  all  eusiiii>|ihi1c  graTiiiles  arc  (he  retiilts  of  phasocytutis  of  fraR- 
tiieiili  of  red  cell*,  or  of  platelet*.  Of  ibc  y  granule*,  ai  lea^l  i««  varietie*  eiriil 
and  [icrbapt  ilirce.  Cetli  wiib  varioti!!  tirei  of  t  granule*  occur,  and  ariiit* 
employed  to  tllutirate  ariicle^i  on  blood  abtnliiiely  reftiHC  to  pic1tiT«  ihem  alt  tA 
the  &ame  *'ae.  .Afiaiii,  tbe  line  between  Ibc  n  and  the  i  itranulcs  i»  not  alwait 
»hiir|>.  It  wsy  be  an  individual  peculiarity,  but  in  the  bbwd  of  some  patient!  octan 
a  large  group  of  cells  with  acidophilic  granules,  which  "ne  kc«iiales  In  c1a»M(y 
a«  neulrophilc  cell*.  »incc  they  nrc  so  lanre.  or  a»  eo»iiior>hi1c«,  lliati  which  granule* 
they  are  »tlghi1y  smaller.  Thi*  i*  true  in  fresh  preruiraiions  a*  well  at  iti  the 
«inineil  specimens,  and  has  been  admiiied  by  neceritl  obiervera,  e^peciatlv  in  caw* 
of  inchino»is.  hence  some  coniider  them  traniiiionnls  (Broun.  McCrae.  AndecMrai 
And,  Inslly,  especially  in  smear»  of  the  bone-marrow  and  leulcxmic  btood.  ihr  Iliw 
between  the  grnnnlar  nod  non-gramtlar  celU  is  exceedingly  difficult  t«  draw, 
since  there  are  so  many  mononuclear  celU  with  a  pfMoplasm  suggesting  a  faint 
granulation. 

"Virch.  Ardi.,  Bd.  167.  p.   151. 
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We  do  nol  overlook  ihc  (act  that  much  ilcpetitU  on  icchnic.  Of  a  s«  of  smcara 
Ltdc  frum  llic  same  palimt  al  tin-  ;uiiii^  limc,  but  lirated  uiid  Mained  with 
ighlly  diScrcni  tcclinic,  Ilic  gnnuld  will  appear  of  sutncwhat  dilTercni  siic 
III  of  murkcilly  dilTcrcnt  color -tunc-  It  ik  wjih  due  aillowancc  made  i<ji  iliib  iliil 
c  malce  the  above  (lalcments. 

I  L*ucocyte8. — We  give,  first,  Ehrlich's  dassificalion,  since  that  is 
ic  oiw  in  common  use. 

LvMPiioCYTHS  (Plate  I..  I.  also  3  and  4). — lliese  cells  are 
iJaller  (5  to  8  microns  in  diameter)  or  larger  (8  to  10  microns) 
an  the  red  blood-cclU.  The  nuclei  are  relatively  large,  round, 
jitc  ticcplj-  stained,  centrally  placed  as  a  rule,  aixl  have  one  or 
so  nucleoli.  Th^-  may  be  deeply  notched,  especially  the  sm.illcr 
les.  aiKl  even  suggest  a  polymorphonuclear  celt,  but  are  never  just 
ce  it.  Often  there  is  a  clear  band  between  nucleus  and  protoplasm, 
he  protoplasm  forms  a  narrow  rim  around  the  nucleus,  is  some- 
mes  acitlophilic  (older  cells?),  but  generally  basophilic,  often  more 
I  than  the  nucleus,  and  lakes  a  grayish-green  stain  with  the  triple 
ain,  Oi  other  cells  the  nucleus  seems  naked.  The  larger  cells  of 
lis  group  have  an  irregularly  staining  nucleus  with  a  chromatin  nel- 
tffk  ami  a  faintly  granular  margin  of  protoplasm.  These  latter 
>nns  may  be  exceedingly  large  in  lymphatic  leukseniia  and  iu  the 
lootl  of  normal  infants.  It  is  rare  to  see  them  in  other  conditions, 
"hese  cells,  if  stainctl  with  the  polychrome  methylene  bhie-cosin 
ains,  show  a  distinct  granulation  in  about  one-half  their  number. 
i  The  l\in]ihocytes  constitute  from  22  to  25  per  cent,  of  the  lenco- 
nes  in  ihe  uonnal  adult  blood,  ami  from  40  to  60  per  cent,  in  the 
ifant's. 

L  Lakcii:  Moxonuclears. — By  "  mouonuclear"  is  meant  thai  the 
Kletis  is  round  or  lobulatcd  but  not  polymoqihous.  These  cells  arc 
vo  or  tlircc  limes  as  large  as  red  blood-cells,  have  a  large,  oval, 
sictdar,  eccentrically  phiced.  faintly  staining  nucleus,  which  indeed 
ay  he  i>verlooke(l.  and  ahumlant  weakly  basophilic  protoplasm  with- 
it  granules  ( F.hrlich  stain).  Nodal  thickenings  are  present,  and  by 
tocht  stain  some  show  a  granulation.  These  cells  constitute  about 
per  cent,  of  the  leucocyte-'  of  the  normal  adult  blood.  While  in 
i>rmal  blood  these  cells  arc  practically  all  large,  in  other  conditions, 
ipccially  typhoid  fever  ant!  malaria,  this  group  may  be  reiiresenled 
y  all  sizes  from  that  of  lymphocytes  to  large  giant-cells.  The  small 
inns  it  is  easy  to  distinguish  from  lymphocytes,  hut  they  occur  very 
cWom  in  normal  blood.  fPlate  11,  Titc  group  ()-:20  contains  many,") 
TuANStTioNAi.  CF.T.I.S  f  Pl'-te  1..  5>. — ^Tltcsc  ce'ls  resemble  tlie 
irETP  mononuclears,  but  are  often  larger, — in  fact,  the  largest  cell  of 
ic  bl'Kul.  The  nuclejis  is  much  notched,  giving  the  so-c.illed  "  waltet'M 
"  saddie-bag"  nucleus.    Tlie  protoplasm  stains  rpiitc  deeply  in  Ehl^ 
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iich's  stain,  and  often  presents  a  very  few  neutrophile  granules.  These 
constitute  from  I  to  3  per  cent,  of  the  leucocytes  of  the  normal  adulL 

PoLYMORPHONL'CLEAR  Neutrophiles  {Plate  I.,  6,  j). — Thesc 
cells,  which  constitute  from  70  to  72  per  cent,  of  the  leucocytes  of  die 
a(hilt  and  from  18  to  40  per  cent,  of  the  child's,  are  somewhat  smaller 
than  the  transitional  cells.  When  spherical  they  are  about  10  microns 
in  diameter,  but  in  a  well-spread  smear,  in  which  they  have  flattened 
out  upon  the  glass,  they  may  seem  about  twice  this  size.  The  amount 
which  they  have  flattened  explains  their  varying  size,  so  often  decep- 
tive in  smears  of  unecjual  thickness.  The  nucleus  is  characterized  by 
its  polynior|jhous  nature  and  its  deep  stain,  due  in  many  cells  to 
pycnosis.  It  may  be  a  strand  variously  bent,  or  small  fragments,  two 
or  more  in  number,  connected  by  fine  filaments.  The  protoplasm  takes 
a  faint  acid  stain.  It  is  well  tilled  with  the  neutrophile  granules  which 
may  cover  the  nucleus.  When  migrated  these  are  the  ordinary  pus- 
celts.     They  contain  glycogen  in  certain  conditions. 

EosiNOPHiLES  (Plate  I.,  2). — -These  cells  are  of  the  same  size  or 
perhaps  a  little  larger  than  the  preceding,  Tlie  nuclei  may  have  the 
same  shape,  yet  less  pycnotic,  fainter  stahiing  ones  are  the  rule.  The 
protoplasm  is  often  slightly  more  abundant,  and  is  filled  with  eosino- 
philic grannies,  which  do  not  often  lie  u|K)n  the  nucleus.  These  cells 
constitute  from  2  to  4  per  cent,  of  the  normal  leucocyte  count. 

Mastzkli-en  {Plate  I.,  8). — Tliis  name  is  given,  perhaps  incor- 
rectly, to  any  cell  with  Iwsophilic  granules.  It  is  not  at  all  certain 
that  thesc  are  in  any  way  related  to  true  Mastzellen  of  the  connective 
tissues.  These  cells  are  alxuit  the  same  size  as  the  preceding,  bin  more 
often  smaller.  The  nucleus  is  ])olymor])hoiis,  very  faintly  stainiuij, 
often  trilobcd.  The  priito])Iasn)  contains  a  variable  number  of  gran- 
ules of  different  sizes,  yet  fur  the  niEisl  part  as  large  as  a  grannies, 
which  form  a  hand  anuind  the  nucleus.  These  granules  are  not  stained 
by  tlie  tri]ile  st;iin.  hence  one  see.s  imly  the  spaces  occupied  hy  them. 
(These  are  probably  the  reticulated  or  vacuolated  cells  uf  L'sknw.) 
They  stain  best  in  thionin  ami  arc  saiil  to  take  a  metachromatic  tone. 
These  cells  constitute  about  0.5  per  cent,  of  the  total  count.  Thev 
have  every  api)earancc  of  old  cells:  are  small,  do  not  spread  well,  but 
look  shnve!le<i.  with  aciilnphilic  priit<iplasm  and  ]x>lyinoq>hons  nucleus. 

The  leiic<icytes  fnund  in  patholngical  conditions  are; 

Mvi:[.ocVTEs  {Plate  1.,  9.  11,  14.  17). — While  any  cell  of  Ixme- 
niarrow  is,  strictiy  speaking,  a  myelocyte,  by  this  term  is  gcncrallv 
meant  one  with  a  round  nuc!eus  and  graiuilar  protoplasm.  Xeu- 
tniphilic  aii<l  eosinophilic  myelocyte?  occur.  Their  sisie  varies  fn>ni 
that  of  the  large  niononuclcars  to  that  of  red  corpuscles.  The  largest 
and  smallest  neutrophile  myelocytes  arc  found  in  the  blood  onlv  in 
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ious  leukaemia,  but  a  I'cw  the  sixc  of  the  grainilar  Icucocj'tes 
andition  with  a  considerable  Icucocytusis.  'Hie  characteristic 
t  is  the  sliape  of  the  nucleus,  which  is  either  ]ieri'ectly  round,  ova), 
itod  or  kichiey-shapcd,  but  never  i}<)lynwri>hous  or  pycnoiic;  if 
m,  the  cell  would  count  as  an  ordinary  leucocyte.  It  is  usually 
rally  placed.  It  is  impossible  to  draw  a  line  between  a  myelocyte 
polynior|»honuclcar  ( I'latc  I.,  u.  131.  since  every  possible  jjrada- 

occnrs  between  them,  but  one  soon  forms  a  standard  for  himself. 
aiyekcyles  arc  counted  all  with  round,  oval,  or  kidney-shaped 
ci.  In  the  latter  case  the  luiclcus  should  occupy  al  leasl 
half  of  the  cell,  with  its  convex  edfic  formiiitr  a  pan  of  the 
phery  and  the  indentation  at  alxmt  the  centre  of  the  cell.  It  is  not 
iiled  on  l)oih  si<les.  Such  a  nucleus  will  not  he  stained  diffusely 
ny  good  nuclear  dye.  A  cell  with  nucleus  more  compact,  distoried. 
ifTusely  stained  than  this  ranks  as  a  leucocyte,  llie  si>ecificatioii 
und  or  oval  nucleus"  needs  a  funbcr  qualification.  fr)r  one  sonic- 
}Mi  leucocytes  sees  such  nuclei,  but  they  are  relatively  small  ( occupy- 
Dnly  al»ont  a  (juarter  of  the  diameter  of  the  cell )  and  stain  diffusely. 

Itelieves  that  could  he  ^ct  a  side  view  of  ihcni.  they  would  be  jxily- 
plioiis:   also  their  lack  of  chromatin  net-work  is  enough  to  prove 
1  leucocytes.     For  the  question  of  the  motility  of  these  cells,  see 
ff.'- 
innvc  arc  full  of  grannies,  sonic  have  but  few.  and  they  saitiercd. 

very  large  ones  occur  in  the  bone-marrow  and  in  well-made  specl- 
s  of  the  blood  of  myelogenous  k-uk:i:iuiu.  but  tiic  most  are  broken 
tnd  only  a  large  faint  nucleus  and  granules  free  in  the  plasma  are 
.  Some  have  a  large  nucleus  ami  narrow  rim  of  protoplasm. 
e  a  smaller  nucleus  and  more  protoplasm,  and  some  are  very  small, 
E(JSiN<iPHll.E  MvF.i-ocvTKS  (Plate  I..  14). — These  are  the  exact 
ague  of  the  preceding,  and  ocair  in  much  the  same  conditions, 
less  often  and  in  much  smaller  numl>er8.  They  are  found  cspe- 
y  in  splenoniyelogenons  leuka-mia  and  in  aiixmia  psciidolym- 
ica  infanlum. 


iuAU.  NsitTBopHiT.KS:  PseuDoLvmpHOcms.— Tli(«e  cflls  ho»c  -i  roimd  in- 
ly itaining  nucleus  ami  n  nariruv  margin  '>f  protoplaiin  full  of  ncutrophlle 
iIm.  Their  sue  is  stmiit  ihat  i(  a  lympliocylc.  They  are  rare.  (ifCTiiring 
Ully  in  [)lciiriiic  exii<lale«.  and  arc  iup|)nsec1  tn  arise  from  frigtncnlatiiin  of 
(•lyniorpboniirlear  celU, 

miTATIoN  Knli«9^— TTic  dcKription  Riven  ot  these  celU  is  the  following: 
vary  in  ti»e  from  a  lymphoeytc  10  a  larjte  inniionticlear.  but  rcwinhle  the 
•r  more:  ihe  niitleii*  i>  runn'i.  i<i  a  bhiijli-jireen  color  I  Hhrlich  il.iiitt.  often 
trie  and  withoiii  a  chmnintin  net-viorlc;  the  protoplssm  slain*  nn  intense 
brown ;  these  have  no  Kramilc*.  Tijrk  considers  that  ihey  have  the  lame 
fCTCt  and  meaninK  as  myelocj-ic* 


DeiiL  tned,  Wochcntchr,  March  5,  igoj. 
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For  our  differentia!  counts  we  use  specimens  stained  with  Ehrlich'*    ] 
triple  Slain,  and  separate  first  the  Rraiiular  and  non-gnuiular  ceV"^*- 
Of  llie  latter  the  lyinphiicjic^  niiglii  be  cuuiued  alone,  and  all  oth»-«* 
niononutlear  non-jfrannlars  in  one  group,  iniless  they  be  increas^=4i 
when  one  couM  separate  IranspareiUs  and  transitionals  (L'skow)      ^M 
the  basis  of  the  protoplasmic  stain,  or  large  inononiiclears  anil  trai^  j 
tiunaU  (Ehrtich)  un  the  basis  of  the  shape  of  the  nucleus.     Vet        ] 
routine  ward  work  and  for  the  sake  ui  uniformity  we  still  sepni^^ 
small  and  large  mononuclears,  using  the  pnlymorphcmuclcar  ncut:^H!| 
phile  as  die  size-line,  hut  count  lar^e  mononuclears  and  transition-   ^ 
together.    The  granular  cells  are  <livide<l  as  neulrophilcs.  eosinophil  ^ 
and    basQphiles.      Separate  classes  are  made  for  <  myelocytes  am^  , 
myelocytes.    Nucleateil  reds  are  also  counted  and  calculated  as  "  nimnr- 
bcr  per  thousand  leucocytes." 

The  list  of  cells  is,  therefore,  the  following,  using  the  customari' 
ahhre\'iaiions:  S.  monos..  or  s.ni. ;  1.  monos..  or  l.m. ;  tr. ;  |)nin.  '. 
or  pnin.  n.;  iimn,  a.  or  pmn.  eos, ;  Mastz..  myeloc.  «.  myeloc.  a, 
nucleated  reds,  nnnnobl.,  intcrmed.,  megalobi. 

For  a  differential  count  a  mechanical  stage  should  be  used,  and  at 
least  five  hundred.  I>ettcr  one  thousand.  leucocytes  counted.  Vet  one 
can  get  a  fair  idea  of  a  sliilc  willionl  a  mechanical  stage.  Soine  keep 
count  with  a  pencil  on  a  paper  ruled  into  cohimns  for  each  group; 
others  use  .t  s!ide-l}ox  divided  into  compartments  by  slides,  into  wliidi 
he  drops  beans,  one  bean  for  a  cell.  Since  one  starts  always  witli 
tive  hundred  or  a  thousand  beans,  the  mailiemalics  of  this  calculation 
are  easy. 

Many  use  specimens  stained  with  tlie  various  |K)lychromc  nw-lhy- 
lene  blue-eosin  stains  for  differential  counting,  with  confidence  of  their 
ability  to  distinp;uish  the  varioiLs  granulated  cells,  and  the  addetl  ad- 
vantage of  better-stained  nuclei  and  stained  basophilic  granules.  In 
ordinary  use  ibis  is  very  well  (Plates  II.,  III.).  The  average  EJir- 
ticb  triple  stain  mixture  in  use  is  a  poor  fluid,  and  gives  a  p<»orer 
picture  than  these.  Ehrlich's  neutrophilic  granulation  lias  not  ^ined 
quite  the  clinical  importance  which  he  e\pccicd.  but  it  is  only  fair 
by  Ehrlich  to  use  the  term  "  finely  granular  cells"  or  "  fine  acid- 
ophilic," in  case  other  stains  are  used,  and  reserve  the  term  neu- 
trophilic  in  connection  with  his  triple  st.itn.  for  although  the  color- 
tone  of  the  two  granulations  is  differeiit  when  the  former  stains  arc 
used,  the  result  is  not  so  specifically  ueutrophtle,  as  with  the  triple  stain. 

With  these  st.iins  (  Nncht  and  its  modifications)  all  nuclei  slain 
much  better  than  with  the  Ehrlich.  The  protoplasm  also  stains  much 
better,  an  intense  blue  with  very  beautiful  net-work,  or  a  diflfuse 
blue,  or  a  red.  The  finely  granular  cells  present  a  diffuse  haze  f>f 
purplisli  granules,  and  many  of  them  can  be  made  out  easily  and 
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(clearly  and  their  tint  seen,  but  the  picture  is  not  so  beatiliful  as  in  an 
Ehrlidi  i>i>eciii)eti.  'Hie  cusiiiuphilf  (;raiiuics  take  the  wisiii.  For  very 
careful  work  it  is  advisable  to  count  two  specitiieiis,  oue  stained  with 
I-Iliriich's  triple  stain  (or  granules,  nne  witii  h^matoxylin-ensin  for 
,niKlci;   by  comparison  these  will  correct  each  other. 

We  hope  that  soon  much  more  diflferential  counting  will  be  done 

rith   fresh   blood  prc|ja  rat  ions.      It   is   rather  bard  and  often  incon- 

nient,  bill  perlia])s  more  accurate  than  with  stained  smears,  since 

fhat  one  loses  in  the  lint  he  gaina  by  avoiding  artefacts  and  broken- 

[llou'ii  cells. 

Bone-Marrow. — 'Hie  stiirly  of  the  bone-marrow  is  a  subject  of 
primary  imiM)rtance.  In  it  are  found  practically  every  cell  which 
occurs  in  the  blood  in  almost  every  condition;  that  is.  a  larpe  number 
uf  tliose  cells  which  are  umi^ual  in  the  peripheral  blood,  aiul  a  com- 
plete scries  of  transitional  forms  between  different  groups;  hence  this 
stiKly  renders  the  bUK»d-picturcs  more  intelligible. 
I  The  study  of  fresh  marrow  ia  esijecially  important;  that  of  the  riljs 

^frof  young  babies,  especially  of  those  born  prematurely,  is  best.  Frag- 
^■ments  removed  in  itperalions  for  empyema  are  excellent,  and  autopsy 
^ttpccimens  if  fresh  enough.  It  is  surprising  how  (luickly  some  of  the 
interesting  mononuclear  forms,  "young"  cells,  disintegrate.  The 
large  form  of  myelocytes  also  soon  disappear,  and  in  Icukjemia  the 
marrow  may  soon  be  of  very  little  value,  showing  only  a  confused 
niass  of  nuclei  in  a  cloud  of  free  granules.    A  small  piece  is  sipieezerl 

kin  a  ]»air  of  forccjis  an<I  a  smalt  drop  i>f  the  exuding  marrow  picked 
up  on  a  cover-glass  ami  at  once  pressed  dinvn  oiilo  a  sliile.  Spicules 
of  l»onc  must  be  avoided.  Very  rapid  work  is  necessary,  since  the  droi> 
dries  very  rapidly.  The  marrow  may  be  diluted  with  salt  solution 
if  desired.  For  stained  s]»ecimeiis.  the  stroke  method  is  the  most 
useful;  that  is,  the  marrow  is  smeared  in  lines  on  the  cover-glass 
by  drawing  this  across  die  end  of  the  bone.  'Hie  specimen  is  allowed 
to  <lry  in  the  air  an<l  then  may  be  tixcd  and  stained  just  as  bloml 
smears.  If  tlie  marrow  is  fatly  the  smears  do  not  turn  out  well.  If, 
fixed  by  heat,  il  is  well  to  remember  tliat  it  is  easier  to  undcrhcat 
than  it  is  to  overheat,  and  the  easiest  niediod  is  to  place  llie  cover 
glass  on  the  copper  plate,  smear  up.  at  the  spheroidal  point  (that  is, 
the  fxtinl  at  which  the  drop  of  water  does  not  ImiiI  but  merely  rolls 
off  the  i>lale)  for  forty-five  or  mi>re  seconds.  Sudi  specimens  will 
(or  the  most  part  have  goo<l  areas  for  study,  especially  at  the  eilges 
of  the  thick  portiims.  and  a  few  such  fields  arc  all  that  is  desired. 
Specimens  ma<lc  ihin.  in  the  hope  that  the  surface  will  lie  unifi 
good,  are  usually  failures,  for  those  loo  diick  are  better  tlia 
fctoo  thin  if  heal  and  the  Flirl'ch  stain  he  usc<l. 

Bone-marrow  varies  much.     In  some  i>taces  wilt 


478  CLINICAL   DIAGNOSIS  ^^^^^^^ 

of  nucleated  reds  in  cnonnotis  luiiiibers:  in  uther  places  nests  of  ' 
Icucocyics.  myelocyles.  and  nf  inWrniediate  forms.  Different  pans  of  ) 
the  same  rib  var>'.  as  wc  liavc  found  to  Irc  markedly  the  case  in  infant  I 
marrow.  Since  tlie  marrow  in  different  bones  and  in  diflferenl  parxs 
of  the  same  bone  vnries  so,  it  is  impossible  from  a  limitc<l  search  to  : 
say  what  is  the  general  medullary  condition  of  that  case  (Grawitz).  j 
and  this  may  explain  the  lack  of  evident  relation  between  a  marrow 
and  a  binod  picture. 

While  it  is  impossible  to  really  count  the  cells  of  the  marrow,  yet 
difTcrential  cunnts  can  he  made  of  those  found  in  measured  areas. 

Nirci-iiATED  Rei>  Bl.oon-CEl-Ls. — 1'he  term  "  erylhroblasi"  is  used 
by  some  to  mean  a  nucleated  red  blood-cell ;  by  others  a  colorless 
ancestor  f<»rm  of  these.    \\*c  nsc  it  for  any  nncleateil  red  cell. 

(i)   Normoblasts,     (a)  Hon'cll's  Mature  Nucleated  Reds  (Plate 
I..  29). — These  are  tlie  color  of  the  non-nucleated  red  blood-cor- 
puscles, with  a  pycnotic  nucleus  3  microns  or  slightly  less  in  diameter, 
sharply  defined,  without  a  chromatin  net-work,  dense,  homogeneous, 
structureless  (triple  stain),  nf  a  dense  uniform  bl.ickisli -green  adof, 
often  vacuolated,  hence  in  the  nucleus  is  often  a  bright  spot  in  the 
fresh  and  an  unstained  area  in  the  stained  specimen.     These  nuclei    i 
are  so  characteristic  that  Xhey  may  be  recognized  even  if  not  sur-  1 
rounded  by  protoplasm.     They  often  present  amitotic  figiircs.  givinjj   1 
rise  to  rosette  forms  of  two  to  four  or  even  twelve  fragments,    Sonte- 
times  these  fragments  arc  all  connected  by  strands  of  chromatin  (scoj 
Plate  I.,  34.  Fig.  1 13.  c).    This  nucleus  is  r)ftcn  surrounde<i  by  a  cIcaT*) 
zinie  which  probably  represents  space  left  between  the  contracting  pri": 
toplasm  and  nuclctis.    The  nucleus  pwy  not  occupy  this  space,  but  reast 
upon  a  margin  of  the  red  cell  or  even  at  sonic  <Iistance  from  it.    TKi> 
is  explained  by   F.hrlich  by  the  weight  of  the  nucleus — when  the 
s|)ecimen  is  made  the  cells  are  violently  thrown  into  a  new  position, 
which  centrifugal  force  throws  the  nucleus  out  of  llic  cell.     Awl  ^^et 
this  will  not  explain  all  free  nuclei,  since  they  are  seen  in  speciinem 
made  in  various  waj-s  and  in  sections  as  well.      Pappenheim  amf 
Israel  claim  that  in  lenka'niia  especially  such  free  nuclei  result  from 
the  degeneration  of  the  surroumling  protoplasm. 

From  these  cells  with  very  pyaiotic  nuclei,  in  which  can  be  s»eo 
no  structure  whatever,  are  all  gradations  with  the  chromatin  fitnieture 
more  and  more  evident  till  wc  reach  (M  llourll's  itmnalurf  imlf- 
atcd  reds  i  Plate  I.,  30.  Fig.  113,  a).  Tliesc  arc  of  a  little  larger  si» 
than  an  onlinary  red  blood-cell  with  color  perhaps  a  little  paler;  ibt 
miclens  is  slightly  larger,  with  the  chromatin  fibres  radially  arrangpl 
(in  leucocytes  it  forms  a  meshwork  fPappcnhciml ).  while  clearly  *«n 
milntic  figures  are  not  rare.  Division  of  these  cells  is  raiud.  requiring 
but  fifteen  minutes.    In  the  bone-marrow  this  is  the  rlominant  red  cell 
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Fig.  113.— Nuclcmled  rcdafrom  Ihe  hlood  of  a  foetus  15  cm.  long.  a.  mature  rmclcaled  r«<I ;  A.  inter- 
■■^^Jhle  tonn  and  routt«;  c,  mature  rtd,  nucleus  Iraffmenlcd;  d,  free  nucleus  of  a  malure  fed;  rf, 
"^^Um  nd.  polychromatophilic  ceU ;  /.  poLychromatopJiilic  me^loblaAt- 
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two  forms  are  generally  called  nornioblnMs  aithougli  the 

'biprr  inimaiurc  foniis  arc  by  smnc  classed  as  intermediates.     They 

are  ihe  precursors  ot  tlie  ordinary  non-nucleated  red  blood-cell,  but 

du  not  reach  the  circtilatinti  of  a  normal  adult  exce])t  as  an  anomaly. 

Their  appearance  in  the  general  circulation  indicates  an  increased 

aciiviiy  oi  (he  bone-marrow,  such  as  occurs  after  hemorrhage.    Iliey 

lappcar  in  the  blood  of  a  child  more  readily  than  in  that  of  an  adult. 

'"Uny  occur  in  pernicious  anamiia.  more  in  splcnomyelogenous  Icu- 

Ica>mia,  ami  some  in  post-hemorrhngic  anaemias.     As  in  the  marrow 

So  in  the  blood  these  cells  occur  in  groups  often,  and  lie  free  from  the 

rouleaux  (since  heavier  than  the  others?). 

'riiese  cells  are  "  onhochroniatic"  normally:  that  is,  the>*  stain 
like  the  ordinary  non-nucleated  reds  (oxyphilic).  There  is  a  group  of 
fin'iisinophilic  cells  which  some  consider  young  forms,  Englc  a  dis- 
tinct group;  other  cells,  especially  in  pernicious  anemia,  are  poly- 
cliromatopliilic. 

■■  Blood  chisks"  is  the  term  given  by  v.  Noorden  to  the  periods, 
usually  in  the  convalescence  of  an  annsmia.  during  which  for  a  few  days 
tnormous  numbers  of  nucleated  reds  and  a  Icucocytnsis  will  he  found, 
and  this  followed  by  a  jump  in  ihe  red  blood-count.  The  nucle- 
ated reds  then  disappear  and  the  increase  in  the  count  is  less  rapid 
until  perhaps  another  crisis  occurs.  \'.  Xnorden  reported  cases  with 
gains  of  hail'  a  million  cells  in  four  days.  Since  a  Icucocjtosis  is  also 
present,  he  considered  it  a  transitory  increase  of  activity  on  the  part 
of  the  bone-marrow  to  regenerate  the  blood.  Normoblasts  arc,  how- 
ever, not  the  only  red  cells  increased,  and  a  crisis  is  not  always  a  sign 
of  improvement  (see  page  534).  It  is  to  be  distinctly  emphasized 
that  the  numlwr  of  nucleated  reds  in  the  circulating  blood  is  a  poor 
index  of  die  activity  of  the  bone- mar  row,  much  less  so  is  ibe  actual 
count  of  red  cells.  The  bone-marrow  may  be  able  to  maintain  the 
count  at  the  normal  level  through  the  most  strenuous  efforts. 

Intermepiate  Ked  Hi.oon-CEi.i.s  (Plate  1.,  31  j. — This  is  an 
exceedingly  indefinite  term:  by  it  are  meant  cells  which  arc  not 
<|uiie  large  enough  to  be  called  megaloblasts.  and  yel  are  larger  than 
iMrnioblasts;  large  cells  with  the  nucleus  of  an  immature  red,  or 
smaller  cells  of  n<»rmohlastic  size  with  a  relatively  large  reticular 
nucleus.  If  one  systematically  measures  all  nucented  reds  in  a  speci- 
men, the  sm.ill  number  of  these  cells  is  striking  unless  one  incll 
immature  nucleated  reds  of  Howell  (Fig.  113,  fi). 

Megaloblasts. — In  the  marrow  always  are  imiv^ 
( F'g-  '  '3-  0.  which  are  fmm  two  to  four  times  tli 
red  blood-cell.     Tliey  are  round  or  oval.    The  \ 
mrm  of  the  cell,  and  is  often  polychromat- )phili 
matophilia  may  be  explained  rather  by  youth  ti 
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in  tlic  case  of  ilie  isrirnary  aiucmias  tht-y  arc  rich  in  hajriK^lobin;  in 
the  nurinal  iiiarruw  tli«y  arc  uftmi  pale.  In  stained  specimens  the 
nucleus  is  large,  plump,  rouiul  or  oval,  especially  ihe  former,  iiuuilljr 
central ;  in  frcsli  smears  it  is  easily  seen,  and  has  a  good  chronutin 
nel-wurk  if  a  good  nuclear  stain  be  used,  U  is  thus  seen  ilial  ilie« 
cells  nre  larger  as  a  whole,  and  hnve  a  larger  nucleus  than  have  othtr 
nuc1e.itcd  rcrls.  but  what  should  they  he  called? 

In  all  rqxjris  of  blood  cases  it  is  necessary  to  know  the  wriier's 
defniiiion  of  a  niegaloblast.  lor  opinions  vary  much.  Soine  denianil 
a  large  cell,  some  a  large  nucleus.  Our  rule  is  th.it  lK)th  of  these  specifi- 
cations nuist  be  fullillcd.  and  for  reasons  to  be  given  later  wc  ask  thai 
the  size  of  the  luicleus  shall  be  at  least  that  uf  an  ordinarj*  nmi- 
nnclciied  re<l  (7.5  microns).  I'appenheim  ami  others  consider  thil 
nK'Kiilublasis  have  no  diri-ct  relation  to  normoblasts,  ami  that  from 
certain  fitie  points  concerninjj  their  nuclei  a  megaloWast  may  t« 
recognixed,  even  though  it  l)c  as  small  as  a  normoblast. 

It  IS  true  that  the  niegaloblast  of  pernicious  anxmia  doc-i  MtT 
from  the  large  nucleated  red  of  bone-marrow.  The  size  i>f  W>i\i  is 
aimm  the  same,  but  the  normal  bone-marrow  inegaloblast  has  unuilly 
a  round  nucleus  with  very  distinct  margin  an<I  chromatin  net-work. 
That  of  the  cell  of  the  bli«)d  in  piTnici<nis  anaemia  is  more  often  ovaL 
nnich  less  di^inct  in  the  fre.'^li  blood  and  stains  much  fainter  in  the 
smear,  has  a  less  definite  nuclear  mcmbr.inc  and  chromatin  stnictiire: 
the  cell  looks  flabbier:  but  these  differnices  are  slight  and  inconstant. 

Tlic  sisiiificancc  of  ihc  appeafaiice  of  ineKa''>l>'it'"'  i"  the  lilooti  h.i»  bten  tli* 
tubjecl   nf   dispiile:     Kliilicti.   conkidcnrig   thai    iticy    never   occur    in    tlic   noniffl 
1m>iic- marrow  o(  nn  Ailiill.  t;cllcv«9  tliciii  tii  be  the  product   uf   a   inuKaloliIa*t)C 
degeneration  of  Ihin  lissuc  due  to  .1  toxinc.  a  rciertion  to  the  cnibrioiiic  (imib- 
tiim,  and  oiliert  sty  "  to  llic  amptiiblaii,"  and  that  any  atTcin|iti>  10  break  down  tht 
dhtinctiun   lielwccn    nonnoliluiii   and    nieKalublasU    fail    (torn    the    faci    iliat  in 
pcrnicioii)'  ana-mia  tlic  U\m(\  is  mi;([alr.bla>.iii.-,      (\Vc  arr  incTintd  to  ilimk  that  \\v 
expression  "  Tci'crtioii  (o  the  anipliiluan  lype  of  Irfood"  h  much  too  often  atrt 
Tbe  only  sniphitoii   we  tisvc  studied  wliose  blood  resembles  Itiat  of  pernicioui 
Anarmis  !«  the  t>alraclioicp«.  and  one  would  hardly  call  an  tixmoglotiinKniia  1 
"reversion."  Rllhnngh  ihnt  i*  llie  blond  condition  in   'onie  nv>rm%  hence  could  » 
ea*ily  be  called  a  "harking  back")   Such  mevntohlattic  degencraticHi   may  exptkin 
their  larie  numbers  in  the  marrou"  of  pemtcioiii  anicnita  and  some  oltier  cimdilion*. 
but  nc  fail  to  find  any  lecent  olnervor  who  has  nut  easily  found  them  in  att  nornul 
marrows.     In  uiir  sliidy  of  bone -mar  row.  iii  uhieb  many  nucleated  rcdc  liave  been 
fficasiired,  we  have  found  Ihe  prcdnminani  cell   the  imnuiure  itonnobtast.  with 
a  iiLicleui  between  .1  and  4  microns  in  diameter.     The  next  mi^m   common  r«4l  •> 
A  mesatoblaif.  with  a  nucleus  n(  7  microns  or  over  in  dianieier,  or  in  one  axis  il 
oral.     Uelween  these  larne  cells  and  llie  imniatnre  normoblasts  occur  every  iMcr- 
mediate  siic,  and  yet  the  siou|>  of  all  of  itiete  is  not  as  urernl  as  iKal  of  ilie  hife 
cellt  ivhicli  constitute  about  15  per  cent,  of  tbe  total  nimilier  of  nucleated  rcils.    Thi* 
applies  to  specimens  with  nticteated  rc(U  in  moderate  nurabcrf.  not  ittose  witb 
inniimeralde  nnctcaied  teds  in  ncM». 

Il  ha*  been  shown  that  in  certain  animals  ihe  nucleated  red*  lire  irri'ttped  in 
islands,  with  t1i«  centre  of  me8aIohla<ls  surroundeil  by  zones  of  cells  of  rfiminlih- 
ins  "K  to  tbe  periphery,  wbere  nortnoblatls  are  found  (Bimltngt),     The  devcltp- 
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if  not  from  ccntr«  to  pcnplieiy  alone,  for  in  each  tone,  and  ctfpedally  the 

pcriplicra).  »tgn*  of  acme  rcgcncr.iiioti  arc  (ouiiU.   and  each  cell  can  produce  it* 

Ite  I*  well  a*  a   snialk-r   lurm,     OrJin.irily   it   i*   iMe  pcnpliety  of   (hwe   inlands 

ilwe  wliicb  furniilic^  new  celU  \q  the  •.'irculaiiuii,  but  if  because  of  an  nver- 

dcntiid  the  island)  be  cncruuclied  upon,  ilic  lurgcr  cclU  of  llic  interior  will  be 

thrown  into  the  cKCulaiiun.     flitiiling  lias  showii  ill  a  nmsl  tnictexling  manner  llial 

ty  various  blood  jwisoni  ihe  iierijiheral   zone  of   ihcie   island*   may  practically 

h  ittipped  off.    Should  this  occur  in  pernicious  unxtnia  ii  U  e;\*y  to  undctntnnij 

tJw  lariEc  numben  of  megaloblasis  in  the  blood,  yci  wliy  nticlcatcd  cells  reach  the 

cinabtion  in  m>ii)c  case*  and  nut   in  otbera  ii>  nut  clear,  since  In  some  c^^ct  ihc 

Hutruw   is  very  rich  in  megalolilails  and  none  in  Ihc  peripheral  blood,  and  again 

iht  blood  will  show  greni  numbers  (blood  crUes).     The  bothrioccph.ilus  anjcmia 

diuKS  that  certain  specitic  toxjnes  can  produce  this  "  inc|[ii1oblssiic  degeneration" 

of  tlie  bonc-niarron',  for  as  M>on  a»  llic  worm  luis  died  Ihe  blood  at  once  begins  to 

retain  to  it*  numiai  c<mdili<in. 

Karyokin»i»  of  these  large  celU  occurs  in  the  peripheral  blood,  especially  in 

IMvere  anKinia,  and  is  usually  one  of  the  final  phenomena. 
MicROBLASTS. — By  iiiicrobhist  w  meant  a  vcrj'  small  niiclcaletl 
Tcd,  titider  6  microns  in  diameter,  wiili  a  small  pyciiolic  micleiis, 
Tliesc  otxur  in  the  circulation  in  severe  traumatic  anicmias.  never 
nomially;  some  appear  perfect  ccll^.  ami  otliers  as  if  pinclied  off 
from  larger  cells.  The  former  may  be  the  forerumiers  of  microcytes. 
Th«  fole  of  thr  nuftfu)  of  the  red  has  been  the  nubjcct  of  great  ditcus.tion. 
aiid  Mill  i*.  Two  vieas  have  been  held;  (i)  thai  ihc  malnrc  nortnoblaM  extrude* 
it*  nucleus  ( Rindileiich,  Huwcll.  r.g).  and  (i)  Ihe  inlracellnlat  destruction  by 
Icirj'orrhrxK  unj  karyoly^is  (Kollikcr.  Neumann,  cj;.).  Thow  who  hold  ihis 
latter  opinion  admit  that  the  nucleated  red  may  even  lie  seen  to  extrude  its 
aucleti*.  but  consider  that  ihis  is  paiholoKical :  thai  normally  the  nucleu*  g(ic« 
to  pieces  in  the  cell,  either  by  solution  or  by  fragmentation,  and  the  process  which 
pvifominaiei  varies  with  the  disease.  Many  wrilers  believe  thai  all  of  these 
mcihods  may  obtain :  EhrlJch.  for  Instance,  thai  the  normoblastic  nucleus  la 
extruded,  and  thai  ihc  macroblaslic  i*  al«orl)cd;  Pappenlicini.  that  for  both  it  I* 
tnirafYllulat ;  BInch,  that  either  is  possible.  Wheihcr  or  noi  the  nucleus  It 
exinided  or  disappears  within  ihe  cell,  the  cell  then  flattens  somewhitl,  becoming 
ntofe  disk-shnpcd  and  then  biconcave.  Bui  not  all  arc  biconcave,  some  are  spherical, 
especially  in  the  wnbryo,  a  |)oinL  emphaslxed  by  those  holdinK  the  absorption  view. 
The  "dcffeiieraiinns"  or  niicle.ir  fragment-s  described  by  Vaughan  (page  40i>  and 
bjr  Cahot  {page  «6)  indicate  the  liilracellular  lypc.  Ju«  ftt  present  the  extrusion 
idea  'eeins  to  obtain,  hut  perhaps  chiefly  since  so  many  need  the  nuclei  lo  explain 
the  origin  o(  the  plaielels.  The  free  nuclei  which  some  cmphaslje  in  Plained  speci- 
mens may  have  been  thrown  out  of  the  normoblast  by  the  ccnirlfufcaliied  force  of 
the  sudtlen  motion  of  the  cells  as  the  specimen  is  made,  and  the  nucleti.s  of  the 
megalolitast  remains  in  the  cell,  since  its  specific  sravity  is  nearer  ihat  of  proto- 
plasm   (Elirlich,  Pappenhciml. 

The  changes  in   the  nucleus  are  important.     By  a  "pycnotic" 
auclens  is  meant  one  diminished  in  si?e.  ilcnsc.  Iiomofjeneous.  sharply 
ucl.  sometimes  vacuolated,  without  any  goo<)  ■'  -»«i^rk. 

Ehrltch  siaincfl  cells  show  no  structure  at 
chromatin  stain.  Init  pood  nuclear  dye" 
Ea  decrease  of  nuclear  fluid  and  a  snltitk 
us  a  preliminarj-  step  of  karyolysis  or 
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a  fainter  stain  till  it  cannot  be  distinguished  from  ihe  siirroumlinj 
protoplasm.  It  may  precede  karyorrhcxis  or  fragiiicniation  of  iht 
nucleus,  whidi  fragments  may  then  disappear  b>-  karyolysis.  The 
normoblastic  nticletis  may  by  amitusis  divide  iiilo  polymoqjhi'iiu 
forms,  with  two  or  even  twelve  fragments  (Plate  I.  34)  of  txpai 
or  unequal  size,  and  usually  united  by  a  filament,  giving  beautiful 
rosette  pictures.  Some  attribnte  this  to  karj'orrliexis  rather  ilian  w 
abortive  mitosis.  In  a  recent  case  during  a  blood  crisis  55  |)CTCcni. 
of  the  erythroblasts  were  of  this  description,  some  having  the  nucku^  in 
even  twehe  tol)es.  .\notliei"  methoil  su^ested  by  some  *|)ecimeni  ii 
the  disappearance  of  the  most  of  the  nucleus,  leaving  a  few  chromatin 
strands  and  masses.  TIic  study  of  nuclear  degenerations  should  nem 
lie  made  with  specimens  stained  with  the  Ehrlich  stain.  Thai  is  Iraa 
adapted  for  nuclear  changes.  One  other  point  well  seen  in  ijie  bon^ 
marrow  is  the  varying  lisemoglobin  tinge  of  the  corpuscles,  thtse 
cells  showing  a  much  wider  variation  than  those  of  the  blood. 

ThU  cniilil  be  explained  on  the  |(roiin<)  that  the  development  of  tunrngtohii 
was  an  intracvlliilar  mailer,  a  gradual  process  Some  celU  *ccm  (o  mch  comflcit 
h^mnglobiii  devclopmcm  afler  they  low  tlieir  nutltu*.  some  before.  The  flon- 
(ion  is  of  inlereit  in  tlie  sittdy  of  anicmian.  Arc  these  pn!e  cells  in  llie  ctfCutMim 
of  fixed  eornpojition,  or  only  ininiatitrc  ■■iiid  later  dtveloii  more  lixmof-lobin *  Csn  i 
numul  evil  tote  tome  lixmoglubin ;  that  i*.  can  ilic  color-iiulex  rine  nnd  UXi.  ut 
yet  only  the  sanic  eelli  remain?  Wlieii  the  eolor-indcx  falls  is  il  becauM  (be 
cell*  are  like  depreciated  currency,  and  it  tiic»  when  these  are  recalled  jrJ 
better  iisurd  in  tlieir  place?  The  qiie«ion  may  have  little  practical  importiiw. 
and  ye(  if  ditcns.-icd  the  much  desired  result  shcnitd  he  f[*^atcr  care  in  the  uK 
of  ierm»  with  which  we  describe  our  c»Mf:  ArgmnenTs  from  comparative  kmm} 
are  not  »atistactory.  jrl  the  evidence  goei  to  >how  thai  in  lower  vcriebr»iei  Ihf 
red  cells  can  complete  their  development  in  the  circulation,  while  in  (lie  mamn^b 
an  imperfect  cell  is  said  lo  be  incapable  of  fnrthcr  development.  Among  olhff* 
Caiile  and  his  pupil*  l>c)ievc  in  a  hxnmglobin  "  More"  in  (he  body,  which  in  Civ 
of  need  it  carried  inio  ihe  circulaiiun  111  new  cortiusclct  and  returned  when  ibc 
extra  cellt  arc  withdrawn. 

We  fear  the  ureal  trouble  is  in  ihc  hiemoclobinoinetets.  and  tliat  imlil  rarelnl 
work   ix  done  nilh  ihc  ItcM   inilrumeiit&  ihc  qiicxtion   will   remain   nn'eltlc'l 

Ohicih  of  Red  It lood- Cells. — Thai  the  ■..rdinary  noii- nucleated  red  bli»d'etn> 
come  from  ihc  nucleated  redn  i*  now  doubted  by  few.  Up  to  the  end  of  ll* 
fourth  week  of  embryonic  life  all  of  the  blood-rclls  are  nneleaied.  From  itul 
lime  on  the  number  of  the  non-nucleated  cells  increase*  until  at  the  third  monlh 
Oiily  ubotit  une-sixlh  lo  one-eixhth  arc  nneleated.  M  Ihe  fifth  monlh  they  are  H^l 
numerwi,*.  but  at  birth  it  is  rare  to  find  any  nucleated  red  celU  in  the  blood 

In  the  earliest  embryonic  life  the  vcMcU  arc  formed  from  solid  cords  of  mIIh 
the  peripheral  ones  of  which  liccome  (he  endothelial  linint;  of  the  vessel  wall- 
(he  internal  cells  Ihe  corpuscles,  Tliis  process  niay  occur  in  almost  any  |uri  of 
the  developing  organism,  and  perhaps  also  in  the  aduli  when  there  i*  new  fonn»- 
lion  of  blood'veuels.  In  addition,  in  the  eiiibryo  many  mitoses  are  found  in  ibr 
nucleated  reds  of  the  circul.itinK  blood. 

Before  the  third  raunth  Ihe  liver  has  become  the  chief  <eat  of  blood  formationi 
after  the  fifth  month  the  spleen  and  the  lymph-Kland;  lake  up  the  (ask:  and  il 
last  the  marrow  become!  the  chief  organ.  In  Ihe  child  the  marrow  of  ilic  wholi 
skeleton  has  this  fimction,  but  at  abiiui  puberty  and  during  adult  life  only  the  ribi 
and  some  of  the  flat  bones.     Howell  considers  that  calliu,  for  inelancc  tbal  f«^ 
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KitDK  a  fracnifp,  may  in  ihe  aduli  also  for  a  while  fiiinish  centres  for  hmno- 
pnctii.  In  th«  adult  ii  wntlO  seem  at  if  liic  iplccii  cuuld  icsumc  ihii  tunciion 
>B  Iculurma  and  anxmia. 

Rditoval  oi  the  Tplecn  cauiic*  little  anicmia,  but  after  about  a  month  t>cginx  a 
iMf  coniinucd  rise  of  small  mononuclears  and  in  some  conditions  Ihe  blood  i.i  even 
Irolumic,  and  Ihcn  after  about  twelve  months  an  euiinnphilia  of  even  extreme  de> 
pa.  These  pliemimena  arc  now  cxplniiicil  as  mnnifcstations  of  the  vicaiioui  activ- 
ely, firit.  of  Ijnipli -glands  tlien  of  the  bonc-manow.  for  llic  spleen.  The  chief 
funciioii  of  the  spleen  seems  to  be  to  remove  old  reds  und  leucocyte*  from  llie  ctr- 
culaiion,  and  the  acute  iipleen  tumor  in  some  condiliuni  is  due  to  ihe  great  number 
of  leucocyte*  inge*ted  (spodogenic  splenic  tumor). 

In  the  embryo  the  blood-celU  ate  ai  (irxt  wiihoui  ha:mOBlobin.  Ai  thi»  Ifmc 
■here  are  no  true  Iciicocytei  and  none  appear  until  after  ilic  funnaiion  uf  red  cells 
i*  atlivc.  The  cmbryologiiti  have  shown  that  lieforc  the  appearance  of  ieiicncytcs 
in  di<>casc  of  the  embryo  the  red  blood-cells  are  amueboid,  perhaps  phagocytic, 
whtch  is  tntere^ting,  since  in  certain  bluud  di»ca.si^s  of  the  ailiilt  there  is  at  least 
a  ttiinte'tion  of  xhv^e  two  Jniiclions. 

In  lymphatic  kukxmia  (certain  acute  cases)  the  view  is  still  held  by  some  that 
the  increased  cells  :ire  "  red  celts"  without  haemoglobin,  and  the  convene  Pappen- 
hcini  hiildi  til  be  true  in  severe  anxiniai.  »omc  of  the  large  lyniphocyle^  developing 
to  mejtalobUsts  instead  uf  to  small  lymphoQ'tcs. 

Howell  was  the  first  to  demonstrate  in  the  cat  "ancestral  corpiiscle-s"  whicb 
rciemble  the  red  blood-cells  of  reptiles,  beinK  large,  oval,  semifluid  red  celh.  with  a 
deeply  ttained  ova]  nttcteuf.  These  cells  were  later  described  by  Engel  an  "  metre* 
tyWs  of  thf  setoHil  generation."  those  of  the  Am  efntralian  having  a  large  chro- 
maiin-ikh  nucleus.  .  Ijiier  such  cells  never,  normally  at  least,  reach  the  circu< 
lalion.  and  Engel  thinks  they  arc  no  longer  formed. 

For  Ihe  study  of  the  jonng  red  cells  the  binod  of  embryo  mice  is  to  be  espe> 
(nlly  (eeiiniracDdcd.  Here  a  ureat  variety  uf  changes  in  the  nucleus  and  In  granu- 
latioR  of  the  protoplasm  may  be  demonstrated. 

White  BldoivCells. — For  the  best  recent  study  of  bone-marrow, 
«e  Schur  and  Lowy.*' 

A-   CRANUIJ^R   CELLS 

I.  Neiilrophiles.     Neiitrophile  myelocytes. 

1.  Typical  iiiyekjcytes :  cells  from  12  to  15  microns  in  diameter, 
with  a  Urge  round  nucleus,  the  iirotoplaim  scanty,   foniiing  often 
3  ihhi  rim  ariniinl  the  nucleus,  and  finely  grannlar.     These  cclU  arc 
hy  far  the  most  numerous  in  the  marrow,  but  on  account  of  their  size 
seem  even  more  so  than  is  the  ca^e.     Tlie  nucleus  is  often  hard  to 
make  out.      In   llic  bmic-marrow  may  also  Ik-  seen  (Krautiful   larger 
myelocytes  with  faint  nuclei,  which,  however,  are  not  often  found 
well  preserved  since  they  go  to  piec«s  so  readily,  and  which  occur  in 
the  blood  only  in  leukaemia.  "  Comil's  marrow  cell."    In  the  fre^h  mar- 
rr)\v  some  of  the  myelocytes  have  a  very  small,  dense,  nuttid  inu-' 
which  we  think  is  a  post-morlem  change  (rem  the  I    ■. 
Iliiiil.     .Ml  transitions  from  those  cells  with  a  roiiml  1 
typical  leucocytes  arc  present  on  the  one  side,  all  t« 
large  mononuclears  with  htit  few  or  no  granules  to 
granules,  on  the  other. 

•Zeitschr.  f  klin    Med.,  Bd.  jO. 
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2,  Cells  similar  to  the  above,  but  much  smaller.  The  nucleus 
indented,  or  slightly  polymorphonudear,  but  staining  faintly, — "tran- 
sitional cells." 

3.  Typical  leucocytes. 

II.  Eosinopliiles,  always  relatively  few  in  number. 

1.  Eosinophile  nijelocytes.  Large  cells  with  pale  nucleus,  scanty 
protoplasm  filled  with  eosinophile  granules,  otherwise  similar  to  the 
above  mentioned  neutrophile  cells. 

2.  Similar  to  the  above,  but  smaller;  the  nucleus  indented  ot 
slightly  polymorphous.     All  gradations  may  now  be  found  to  ij-pial 

3.  Eosinophile  leucocytes, 

III,  Basophiles. 

1.  Mastzellen,  which,  however,  are  rather  rare  to  find.  These 
cells  have  nuclei  of  a  variety  of  shapes,  yet  usually  polymorphous 
{see  page  472).  Mononuclear  Mastzellen  occur  (Engel).  These  are, 
at  least,  hard  to  recognize,  since  the  young  a  and  e  granules  are 
quite  basophilic. 

2.  Various  cells  with  violet  granules,  which  vary  in  size.  The 
ceils  are  rather  small.  These,  although  containing  basophile  granules, 
are  not  typical  Mastzellen.  In  this  connection  it  should  be  men- 
tioned here  that  the  j8  granules  may  occur  in  the  eosinophile  cells  or 
by  themselves. 

3.  Polymorphous  cells,  with  fine  basophile  granules.  These  may 
be  neutrophile  cells  stained  by  the  "tricky"  methylene  blue  (Schur 
and  Lowy). 

li.    NON-GRANL'I,AR    CELLS 

1.  Lymphocytes.  Size  of  red  blood-cells,  nucleus  rich  in  chro- 
matin, prot<.i])lasni  a  narrow  rim.  These  cells  are  the  second  inoit 
numerous  cells  and  often  seem  naked  nuclei. 

Among  tiiese  are  the  "  protoleucocytes"  of  Osier,  solid-lnokiiig 
iymplioid  elements  from  2.5  tn  5  microns  in  diameter,  whicii  resemble 
free  nuclei :  some  iiave  a  rim  of  protoplasm.  From  these  "  er)-tliri>- 
blasts"  develop  (see  ]iage  485). 

2.  Medium-sizcil  lymphocytes  with  more  protoplasm  and  a  smaller 
often  eccentric  luicletis. 

3.  \'ery  large  cells  with  general  character  of  lympiiocytes  which 
occur  in  the  biood  in  some  acute  leukretnias.  but  none  normally: 
"Large  lymphocyte"  (Ehrlich.  Friinkel.  Pappenheim);  Grawitz'f 
"  unripe  cell."  Wolff's  "  indifferent  lymphoid  cell,"  Xaegeli's  "  mye- 
loblast," Trojc's  "  marrow-cell,'  The  nucleus  stains  faintly,  is  sel- 
dom Inhulated.  is  very  pale  and  poor  in  chromatin,  the  proto]>lasm  i- 
faintly  basophilic. 

Also  to  be  mentioned  are  cells,  common  enough,  which  in  the 
fresh  exactly  resemble  normnbiasts  (immaturel.  except  they  have  rrn 
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^Kmogloljiii.  The  nucleus  is  tliat  of  Howell's  immature  red,  perfectly 
ryunU,  with  shaqi  in.-irgiii.  ilistinct  diruniaiiii  iiet-wurk,  and  clear 
h  valine  proloplasin.  Tlicy  are  t'roni  y  to  i^  microns  in  diameter, 
ticse  are  the  erylhroblasis  oi  Osier,  Lowit,  and  Howell. 

Lowit  described  as  ~  kiicobb»is"  c«lU  with  relatively  large  nuclei  containing 

[^  two  ehromalin  maMcs  which  are  lomciinict  irrcgulnr   in   shape,  nnd  from 

,  a  tyslem  of  delicali;  lines  and  bunds  [atliate  lu  Ihe  nuclear  mcmbcuiie.  which 

cftilirane  ii  distinctly  doubly  cuninurcd.  and  ha«  on  in  inner  surixcc  projccliont 
ohich  Aie  connected  with  the  infranucleur  nvt'work.  Concerning  their  method  of 
AvtiKin.  upon  which  Liiuit  !ay«  much  tiress.  it  U  not  c.iiy  to  decide. 
I  Ehrlich  bclicied  the  true  tyinphacyle  came  from  the  lymph-glands :  others  My 
boai  the  bone-marrow.  Sonic  have  tried  to  distinguish  [norphalogically  those  from 
;hc  marrow  from  those  from  glandi  ( Kiibcnslcinl.  The  inicMion  now  ii.  "Do 
tny  come  from  lymph-glandi?"  thus  admitting  that  typical  "lymphocytes"  are  an 
mponant  cotisitluent  cell  of  the  marrow.  Michaelii  and  Wolf!  tried  to  diffcren- 
iaie  lhe*e  celU  on  the  bajii  of  their  future  history,  the  lymphoo'es  from  lyntph 
[iRnds  remaining  such,  the  "  lymphoid"  cells  of  [he  niarruw  being  capable  ol  further 
leveJopmcnt  lo  a  granular  cell.  But  Ihii  capabilily  does  not  aid  us  much  in  saying 
•  hKh  the  individual  cell  now  bi:(ore  us  is,  although  these  writers  did  describe 
ilight  difTcrcncef  in  their  siainmg  rcaclionK.  .And  yet  ihiii  dittinclion  heiwecn 
ytiipbocjiei  and  lymphoid  cclb  is  probably  just.  Many  workers  fall  back  upon 
«ch  JndifTercni  lymphoid  cells  as  yoimg  forms,  naming  ihem  "  proiolcucocyte*" 

Osier),  etc.,  and  consider  that  from  ihcm  develop  colorless  cells  which  cor- 
espond  to  ihc  leiicoblnst  and  cryihroblast  of  t.owii  and  Ilowcll,  and  friim  the*c 
be  whole  leries  of  reds  and  white*.  The  lymphocyte  with  diffu.scly  staining  notched 
luclcns  (Ricdcr's  cell)  it  probably  an  old  form  of  lymphocyte.  The  small 
Qononu clear*  with  round  vesicular  titiclcus,  delicate  chromatin  net-work,  and  mlher 
iraad  band  of  basophilic  protoplasm  with  tmooili  margin,  are  young  cells  which 
itsemble  only  in  appearance  those  of  the  normal  blood,  and  thennelvci  <1o  not 
lelont  there.  The  lymphocytosis  of  young  babies  is  imfiiietlloncd,  .ind  yet  ihc  most 
aliooal  explanalion  for  this  is  that  there  is  an  overpruUuclion  of  leuci'cyles  which 
lid  not  exist  at  hinh,  since  then  ihere  was  no  function  for  ilie  cell  Yet  (his  would 
nun  that  young  leucocytes  are  lymphoid  cells.  The  iame  might  be  said  for  the 
■^kpcytcs  of  the  digestive  Icncocytosis, 

^^Btton^  marrow  cells  are  forms  which  never  reach  the  circulation:  probably 
eiiHtfr  (also  old?)  Iciicocyics  and  red  blood-cells,  and  perhaps  undilTerentiated  cells 
h«  ancestors  of  b<nh  icries,  unlcv*  one  agrees  with  Biworcro  that  none  of  the  ance*> 
ors  ot  red  cells  arc  withotit  hienioglohin.  The  variety  of  formi  of  cells  fourid  is  »o 
treat  that  noi  one  sharp  dividing  line  can  be  drawn  to  separate  a  single  group,  and 
ine  may  find  evidence  in  favor  of  any  anccMral  iree  he  wishes.  Two  main  vi«vf« 
Lie  held,  the  one  that  the  youngeii  cells  in  Ihc  series  are  very  large,  with  large, 
ainily  staining  nuclei,  and  proioplasin  which  very  quickly  goes  lo  pieces,  hence 
hry  arc  not  alwa>«  found;  the  other  that  they  are  small.  According  to  the 
ormer.  ii>  each  succeediiiK  gt'icration  the  cell*  become  smaller  and  more  resistant: 
be  large  fragile  mononuclears  develop  granules  and  become  large  myelocyte*,  in 
be  ticxt  generalion  are  ordinary  niyelocylcs,  .tnd  these  give  rise  10  lelicocytM,  Of 
ours*,  too  much  'tress  may  have  been  laid  on  llie  shape  of  Ihc  nucleus  as  an  age 
igi);  it  may  be  ihat  a  certain  amount  of  irregularity  in  ihe  nucleus  is  an  expression 
if  an  nmnehie  cell,  and  that  the  mononuclear  granular  eelU  in  some  exudates  ar« 
Kicocyies  which  have  reiunicd  a  resdng  form,  The  same  large  »hitc  cells  may 
kvelop  hiemnglobin  in  their  protoplasm  and  become  megaloblasts,  the  succeeding 
encralions  of  which  are  the  micrmedintc,  then  immature  nucleated  reds,  then  the 
Uttire.  then  the  ordinary  red  corpuscles. 

I    The  other  view  considers  small  lymphoid  elements,  some  «\en  like  naVed  nuclei, 
I  the  youngcit  cells,  from  which,  by  increaied  sire  and  difTerenliation,  myelocrtct. 
1^  erythroblasts  arise,  then  lo  again  diminish  in  fixe  with  advancing  age. 
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Most  witl  now  agree  thai  there  is  a  large  group  of  indifferent  cells  whicli  rill 
develop  in  whatever  direction  (red  or  white)  necessity  demands.  The  only  qu«- 
tion  is,  Which  are  these  cells? 

The  development  is  more  by  "  steps"  than  by  a  gradual  transition,  and  ihost 
of  each  step  are  able  to  produce  others  of  their  kind  as  well  as  those  of  ihc  suc- 
ceeding generation  (in  point  of  size.  etc.).  The  picture  is  still  more  compkaird, 
since  the  line  of  descent  of  these  cells  is  not  single,  but  new  ancestors  can  be  kmi 
at  each  step  in  the  progress,  so  that  to  trace  backward  is  more  like  follo«ine  i 
stream  toward  its  source.  It  is  a  single  river  at  its  mouth,  but  as  we  ro  lowatd 
its  source  many  tributaries  are  found  which  contribute  to  its  volume.  Thus  Pap- 
penheim  traces  normoblasts  from  small  lymphocytes,  megaloblasts  from  latgi 
Ijinphocytes,  and  considers  the  polychromatophiltc  group  evidence  of  the  trirs- 
formation  from  a  basophilic  lymphocjle  to  a  red  cell ;  subsequent  workers  met 
normoblasts  from  megaloblasts.  Normoblasts  certainly  can  produce  normoblasis, 
and  megaloblasts  megaloblasts.  .^gain  the  granulation  may  appear  in  cells  wiib 
nuclei  ai  various  stages  of  delormiiy,  as  if  the  changes  in  the  nucleus  from  round 
to  polymorphous  bore  little  parallelism  to  the  development  of  granules. 

We  cannot  here  take  up  the  question  of  the  origin  of  leucocytes  and  perhaps 
red  cells  in  other  organs.  The  above  remarks  are  not  intended  as  a  rciumi  ot  iht 
subject,  but  an  answer  to  many  of  the  questions  suggested  to  students  by  the  study 
of  bone-marrow.  We  merely  mention  N'ochnagel's  case  of  general  osleoscltrosis, 
with  the  entire  marrow  practically  functionless.  yet  a  normal  count  of  neulrophilts; 
also  the  presence  of  mononuclear  granular  cells  in  areas  of  inflammatory  infil* 
t  ration. 

4.  Pigmented  cells,  often  absent. 

5.  Giant-cells. 

((i>    M^aIofcar\-ocytes  with  one  large  irregular  coiled  nucleus. 

"  Giant-celts  with  budding  nuclei." 

These  are  the  "  hjematoblast?""  of  Foa  and  Satvioli.  which  they  say  give  rise  W 
smaller  hyaline  cells,  which  develop  luetnoglobin  to  form  nucleated  reds,  Thcst 
cells  are  seldom  found  in  the  stained  specimen,  although  masses  of  detritus  wlikli 
i>r;e  :v.,iy  ■--[■ivl  Ii'  nr:-!'  :>  '-:  •'re~.  :i:f  f  ■■,::!■'.  Thc-e  ctl's  occiir  in  tlic  circubEi'"" 
in  J  ;t::cv-<>;.'>:^.  ;!::>;  ire  r.l-.cTti  .-.::  ir.  irt  '.-^r.s  I,  sec  Plate  II.  11  ), 

1  :■  >    Mtiltinin-iear  ce'.^s.     Ojiev.^"lari5. 

M.lry  vt"-  nre  -tvr,.  cspt\-^-,',;y  :r.  irt-h  sp«ri:rer.-.  iiilh  very  intereslins  Jeef" 
er.-,:;o!!>  .;:'..;  ■.;-..■>.;>:.:>  S.  r;-.e  ".jT^f  r;.  r 'n:;c'e3r  cells  (■■ntain  large  gluliiile^  *' 
dr,-;''.!-.*  rt-t::'.;'"::-^  :;-.>t:;r-,.  ,ir.;\c;s  jS-.;-.  ,:  ::-.:i:r.>:^s  in  d;ari:e:er.  rallier  uniiori" 
■.:■,  --..■t.  .»;:.■.  w-.:h  '.'-r  je'.','»>r.  -:::T"::;er  i;  ;~e  :::yt'::!  dropici-  of  the  -[lutviiii  ii^"' 
5v>:v,e  .-(■'■-  ,trc  r."'.tx;  iv::~  it->  l.iri;e  srir.-U-?  w:;h  ihc  o■^'r  and  refractiliij  "' ° 
li;r,ir.:;"t  ^«'  K:i:  :  15.  c  Sx:;'.:  «I!*  H--'»f  !1  ;'. ■-.:-!:  -.ti  the  tr.arri'W  •.■{  the  i:;il  111  g'""' 
;;-,;:■.•^^r^  ,■:■.-'  >.:■-:.;<;■?  :'-.i:r  ■.;  ■,■-■'>  j"  ir-'V-TTi:::  pan  :n  netabolic  changes  in  ili' 
;v..;r:  m  '.•■.  :~tT  •.•v.'.?  -vc::r  ^!. ':-.:'.vs  .:  'r.S[-L.  i::v:i;g  then'  a  vacuolated  appf^f 
.i",-t      t_iT;i-  "■  .!r,",>'.cjr'  yr.   o--::.r.i  S  ;>.   ,■;  pr.':opLa;:r,  and  01   nucleus  are  al-o 

I -■"'«■  :':Xi;  t;,-!  .-;"-,  :v.  :'-;  ■.-.;-j,-.c>:c-  :".  :-  -:-Jih  eas'.er  !■.■  trace  the  ilrpfii 
irr.-.f  ■!•■  '.:•  r.  ■t--^'  ': '.  -.■•l  yn^'.wi":  i!.  :r:e  ;e-l^-vy:e-  are  normal,  but  when  ihf' 
■,-  .-,  \-.:,-v>:  -■-  -  .•;.'ev"'.i'i>  "  :"".  'u-.TV.t-T-.A-  rf.j-y  if'Is  are  jcen  o-nc-nnn?  ill* 
.AM:r  ■".■.-'v-  .•■  " '~  .'",  ;!~;';  --  '.i::';  i.-^:.  Th<  i>"Tr.ph vyies  are  almost  de^'ii 
_,.-  -—  t.-.^ij---.  ;"-;  v.;;:;-js  ---j''  y-.;r.,:i,-  ir.i  :-i!<r;c\!.  i^r  cien  polymotplinU! 
K  ,■.■',■-'-  .■."s  ■  :"-■.:;  '.'.  :'  T"-;  -:■-->"" -■n:"'"'~->'ear  s:r-3!:--:3r  cell?  have  mKk' 
>,'^  V;,—  :  ,■  -■■■,■'  T'.:^—. ■■:;■,"'.  :.':'~  -i"-  ■.'  "^-">  a  ch-.-::--3:ir  thread  alHa>>  i'"'ii' 
rr\-:-  :'■,■  r-.i:— -■•:-  r  ■  .-■■  "•:;-;-:—!:  "-a-rr-  i-  wh;,-h  the  reutrvphile  lew- 
.-.■;■-  — .:i   "^'  .-',■,--■-,-.■    \-;-'      ■  ;"■,  --.•  —  "rr    ■•  r  =  .->ar  :rair!'.e"l>.  and  the  u>t  10 
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CanccminK  ihc  large  pale  niicl«i  wiiliottl  protoptaiiii  there  is  duubl,  *ince  tficy 
could  tie  the  lery  iciimIivv  young  cells  deMroyctj  hi  ilic  preiiaruiion  of  ihc  jpecimcii. 
Btii  the  similar  cltaD^ei  iii  the  small  mononuclcari,  which  may  in  Icukjcmia  lie  & 
feature  of  ercn  Ihe  niajorily  of  llic  ceils.  siigBest  very  stroiiRly  that  they  arc 
degcnerniioiM, 

1,-iic  in  IciikictntB  it  would  stein  (said  Ehrlich)  as  it  the  ability  to  develop  neu- 
Inphite  gianulcs  was  lost,  hence  Ihc  clear  cclU  olherwiKc  rcscmblmK  the  iTana- 
larcell& 

All  these  (|ue»iions  would  be  much  less  ir)ierc»iiiri|i  if  the  cclU  have  the  ephe- 
Imeral  history  which  tome  ascribe  to  them,  Winterniiit  (quoted  from  Grawiw)  «ti- 
butcd  thai  in  the  liog  the  l)-m;)h  supplied  the  bluud  through  Ihi;  lytnph-ducl  daily  a 
BUfflbcr  of  lymiiliucytet  c(|ual  It)  more  than  half  ihc  mtal  niniihcr  in  the  \m^y.  If 
thit  be  Inie.  the  chief  funcliun  of  itio>l  of  the  cells  must  be  to  increase  the  proieid 
content  of  the  plasma-  A  'imiUr  (iiicMion  i<  the  source  of  the  pns-crlU  in  ca<c' 
vith  (treat  pns  formation,  as  cyilitis  and  bronchitis  or  bronchi  eel  a*  is,  in  which  by 
■dual  eiiimniion  the  perton  lo<c«  djiily  a  number  of  white  cells  ahnost  CQual  to  Ihc 
total  niiniher  in  hit  circulation  at  any  one  time. 

Foetal  BlootL — In  the  three-months'  human  embryo  Engcl  found  tiuclealed 
ted  cells  of  normal  and  Urge  si^c,  "  melrocylcs  of  tl.  Generation";  thai  is,  large 
Ifilicrical  nucleated  redt,  12  to  jo  microns  in  diameter,  rich  in  proioplasin,  the 
■UKlnis  rclaiivet>  small.  3.3  to  6  microns  in  diameter;  but  in  some  cells  17  lo  30 
BiiCTont  in  sixe  Ihe  nucleus  was  7  lo  8  microns.  Thcuc  cells  occurred  in  frequency 
of  frotn  4  10  6  per  100  normal  reds.  ( Metroeytes  of  1.  Generation  he  Ueseribci  from 
inoiu«  embryo's  blood  as  spherical  celU  from  two  to  three  limes  the  size  of  a  normal 
red  cell,  the  nucleus  often  in  mitosis  and  lilline  but  a  relatively  small  part  of  the 
tell ;  this,  he  says,  is  not  a  mcgaloblasi  nor  a  gigantoblasi.  M  this  siagc  there  are  no 
non-micleatcd  reds  and  no  U'ucocyles,)  Al  Ihis  afce  occur  Iwo  forms  of  normo- 
blasts— those  staining  orange,  from  5  10  ij  microns  in  diameter  and  the  nucleus 
JS  10  i  microns;  those  staininjt  red  (Ehrlich  itaini.  about  7  to  8  microns  in 
diameler,  with  a  relatively  large  nucleus  rich  in  structure  5  to  rt  microns  large,  the 
protoplasm  scanty  and  rajjued;  in  this  latter  (trotip  are  some  large  cells  16  microns 
^  dismclcr  and  a  nucleus  of  11  mieions;   these  arc  Evhrlich's  mcgaloblatts. 

Tlie  other  cells  were  free  tnetrocytc  nuclei,  lymphocytes,  ncutrophile  mye- 
^iDGylcs,  and  leucocytes. 
,       In  embryos  of  6  cm,  lensth  Ihe  non-niiclealed  reds  were  to  ihe  nucleated 

eia:i;    of   13  cm.   embrj'o,  55:1;    of   i6  cm.    ijori;    of   ig  cm.    176:1.     In 
e  6  cm.  embryo  ilie  metrocylei  were  4  per  cent,  of  the  reds;   in  ihc  13  cm,.  0.25 
^r  cent.,  and  later  none.    The  leucocytes  in  the  6  cm.  embryo  were  to  the  reds  u 

risoa  to  100a 
Enicel  admits  that  embryos  of  the  same  ase  differ  to  that  he  could  not  tell  age 
from  Ihc  blood. 

Ii       We  have  had  opportunity  to  study  the  blood  of  a  feeius  15  cm.  long,  and  found 
Rd  cells,  i.i68jooo;    lia;moglobin.  35  per  cent.;    leucocytes,  gooo.    Nucleated  reds. 
I  :  ig  of  tola]  teds,  nnrmobl.ins  and  iniermediates,  beautiful  poly  eh  rotnatoph  ilia. 
r      In  an  embryo  20  em,  long  we  found  reds,  i.Cii.ooo:  leucocytes,  38,000;  haemo' 
globin,  jS  per  cent, 

I       III  an  embryo  of  23  cm.  Engel  found  the  reds  (heart's  blood),  jjoo.ooo;  hirmo- 
bin.  80  per  cent  ;    leiicocyles  AOjxx>-     Niielealed  reds  were  to  non-nucleated  as 
t*>.  and  all  normoWaM'-     Of  the  leucocytes,  the  granular  were  to  the  non- 
'snular  as  a  :  S :  nciitrophile  myelocytes  and  leucocytes  present  with  all  transition" 
id  a  few  eostnophiles. 
The  blood  of  a  a?  cm,  embryo  contained  nucleated  and  non- nucleated  ■ 
lon  of  1  :  KW,  leucocytes  lo  erythrocytes  as  i  :  go,  polj-roorphonuclears  ' 
nuclear*  as  4  :  5, 


^biio 


Leucocytosis By  iliis  tenti  was  meant  an  increase 

of  the  \vhilc  cclb  of  Uie  blood,  but  the  leim  is  now  its 


490 


CLINICAL   DIAGNOSIS 


sonic  bcnigii  conditions.**  Gastric  catarrh  anrl  invnivemcnl  if  tiie 
Ijinph-glaiKis  are  given  as  its  explanation.  We  wish  to  cnii>hasizc  ihai 
a  rich  |)rutci<i  mt-al  must  be  fjivcn  these  cases  and  the  leueoo'lH 
coiiiucfl  once  an  huur.    Only  a  considerable  rise  i-s  of  value. 

Lcucocytosis  of  Pregnancy. — About  75  per  cenL  of  women  Jurinf 
the  last  innnlhs  of  pregnancy  show  a  count  alxive  normal,  an  avenge 
about  13.000  per  cubic  millimetre.  Tliis  is  especially  true  of  jmnii- 
jiars;.  and  yet  it  would  sccni  to  Ite  more  the  youth  an<i  the  nuiriiionil 
condition  of  the  patient  Ilian  the  fact  that  s>hc  has  had  no  previoui 
pregnancies.  The  count  ri-ses  until  the  end  of  pregnancy,  and  then 
disappears  in  from  four  to  fourteen  days  after  delivery,  Tiw  (liffr- 
enlial  count  may  remain  practically  normal,  yet  it  is  the  polymorplionu- 
clear  neiilropliila'i  lh.it  are  especially  involved.  In  muUiparx  there  ii 
also  a  rise,  but  it  is  within  physiological  limits. 

The  explanation  ha«  been  disputed.  It  ix  anncd  ihai  it  is  not  the  pKcnanc; 
ptr  t».  V,  Limbeck  considers  it  a  proluiiecd  diKcaiiou  leucocytosii  dot  to  (he 
additional  need  uf  nourishment  (or  the  mnlhcr  and  child,  in  fator  of  which  ii  the 
nb^ence  of  a  difc^^tion  IcucocyioMS  or  even  a  diminuiion,  which  i«  cxpUinrd  br 
HMUining  thai  the  leucocytes  migrate  to  the  placenta,  where  '\f.  ibc  greatest  ucurm- 
lAiion  of  the  po^iiivcly  chemotaciic  prodticts  of  digestion.  The  cnnditloe  of  iht 
brca»ls  i.i  also  inspected;  others  say  an  overacliun  of  the  lymphatic  nyslem.  Hm 
Ihf  view  inosl  commonly  held  now  is  ,1  slight  auininloxicalion,  HKainsl  whi(h  I** 
primipara  react*  belter  than  a  multipara.  Thoinion  found  that  of  jj  enow 
on  twelve  preitnant  women  niailr  diifing  the  eight  niontht  of  prettnaiKy  bat  *W 
wai  below  7000;  the  hi):liesl  i.l.joo.  In  these  (cw  caic?  there  uat  no  rite  to**^ 
the  end,  but  the  coiinl^  were  pr.-tclically  the  same  for  the  second  nionih  ai^  tun 

But  the  quesliun  is,  Wlut  is  the  usual  euimt  for  a  normal  vuniun?  ti  ii  ;?»' 
if  so.  pregnitney  nu«ci  in  nil  uses  a  relative  rite,  and  in  tno*t  an  ab«olute  lc«>» 
cylosis. 

Z.-ingemei>ter  and  Wagner"  think  ihc  ijueition  not  i|nilc  »o  clear.  Of  tf 
normal  non-preiriant  women,  all  under  praclieally  the  same  condiltonf.  from  lucoir 
one  to  thiriy.fuur  yrjirs  of  age.  35  (74  per  cent.)  had  a  count  at>ovc  IO.00O  (ukUi 
-ihoiii  12,500).  The  ieucix-yteh  o(  pregnant  women  (57  ca*e<)  varied  withm  it« 
same  limits  3»  non-pregnaiil  (70  per  cent,  aliove  10.000:  mean  count  bet«(« 
12.500  and  15.000).  iinr  did  the  number  of  previouii  pregnancies  *eera  to  mike  U) 
difference.  The  counts  which  theic  wrileri  report  are  about  the  same  a*  ihoie  *( 
the  writers  claiming  a  leufocyloii»  at  a  feature  of  priini.Micy.  only  ilw  former  (Ula 
that  normal  non -p  reft  nan  1  wonieii  give  the  same.  During  labor,  of  b,t  ea»e4  thrtt 
wa*  a  tise  even  l"  three  timev  llie  previnm  count  in  ncaily  all  niKS.  with  lli<  tmi- 
iinum  at  or  just  nfitr  delivery.  This  was  especially  marked  in  cases  of  prokm(ri 
labor  or  of  those  who  suffered  grejitly.    lu  c|iiirW.  easy  laWrs  the  ri»e  \s  ii»igQ)6art 

In  75  caNCi  dnriuR  the  piierperium  there  wai  a  rapid  decreaie  tn  notnal  fti 
the  seventh  nr  eighth  day  an  increa«e  of  mononuckart,  with  the  involution  of  lk« 
uteriLs  cRoiislacroix  and  Henoit).  The  iitudy  of  two  cate^  of  verrion  led  ibeiu  I* 
think  the  catitc  of  ihe  rise  was  the  enmractions  rA  ihc  ulertix. 

In  puihotogical  ca^et  the  lencocyles  give  no  aid  ill  diagiKWls  ax  prognosis,  sinct 
as  high  cnniils  are  seen  in  ihc  physiological  caie<. 

Lobciiitein"  considers  thai  there  i«  a  leue-K-ylosis  of  pregnancy,  the  average  of 
50  cases  during  Ihe  ninth  month  being  11.R54  fnr  primipflrx',  and  9346  for  mtild- 
paiK;  and  on  the  third  day  of  the  pucrpeHuni.  13.JD0  for  primipara.  and  iljio) 

"RencUi,  Arch.  f.  VerdammgAr..  Bd  vii 

"Deut    raed,  Wochemehr,.  July  31,  igojt 

"Am.  Jour.  Med.  Sei..  1904,  vol  cxxviiL  |i,  aSl, 
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for  multipara.  These  Sgom  »rt  too  nearly  normal  to  name  them  Icucocytosti,  In 
ao  eaiet  iJie  digcMlon  Icucocjioii*  wm  tricil,  found  presenl  in  i,(.  but  an  ncliul 
diniinuiion  iii  the  count  in  (t  Of  ij  cascf  of  cclainptin.  In  6  mild  catci  the  highest 
coimi  wa^  jtjooo:  in  b  severe,  40jOoo  Iu  50,000:  and  in  one  ticveie  ca^e.  lo&ooo 
And  death.  Mc  concliiilc^  thai  ihc  Icucoctyliuiii  h  ronghly  pnmllcl  In  the  degree  of 
into  xi  cat  ion  and  to  the  resi»iani:e.    A  low  count  and  a  rapidly  fjillinn  count  are  bad 

LcucocytosU  o!  the  Mewbotn. — Althougli  there  arc  relatively  so 
ninny  l)!<i>)d'liui1(Jiii);  urt^aiis  in  llie  ftcliis  llicri:  is  kucupeiiia.  since  as 
yet  there  is  no  function  for  the  leucocytes  (Askanazy).  The  staic- 
t  usually  made  is  tliat  at  birth  there  is  a  Icucucjtosis  of  from 
',000  lo  21,000,  and  after  the  first  feeding  a  rise  to  from  ^6.000  to 
(36.000,  with  the  increase  chiclly  in  the  nunilicr  of  small  mononu- 
clears. Examination  of  the  infant's  blixxl  exactly  at  birth,  however, 
in  case  the  teacher  wishes  to  demonstrate  a  true  lymphocytosis,  will 
assure  the  disapimintcd  otic  tliat  this  is  by  no  means  the  case,  and  he 
will  usually  find  a  condition  of  the  leucocytes  quite  like  that  of  the  adult. 
The  question  has  liecn  studied  by  Gnn<Iobin.  Carstanjen,  and  War- 
field,**  with  the  following  results.  On  the  first  day  after  birth  the  aver- 
ige  leucocytosis  is  alwut  26.000  (  TI.700  to  34.700) :  on  the  third  day. 
^Ihc  average  is  i3,.J70,  and  on  the  eleventh  day  15,740.  For  the  first 
few  days  tlicrc  is  an  absolute  increase  in  the  number  of  polymorphonu- 
clear neulrophiles,  with  a  percentage  of  70.42  on  the  first  day,  53.16 
on  the  third,  and  34. .2  on  the  eleventh.  The  large  mononuclears  and 
transitionals  are  high,  being  10.76  per  cent..  16.67  P*^""  cent.,  and 
15,98  per  cent.  ics|>eclively  on  these  three  days.  Tlie  eosinophiles 
var>-  much;  MastzcUcn  and  myelocytes  are  few  and  rare.  It  is  not 
iitil  the  eleventh  day  that  the  count  wliich  is  usually  considered 
rnial  for  infants,  with  40  per  cent,  small  mononuclears,  appears. 

This  high  count  of  the  Icucocvics  has  been  cxplahied  by  a  con- 
centration of  the  blood  or  a  digestion  leucocyto.sis,  but  the  more 
rational  explanation  is  the  rapid  blfxid  fonTiatii>n  at  that  age.  .Al- 
though nonnni  infants  vary  much,  yet  this  rather  high  count  may 
iCtntimie  until  from  the  third  to  the  sixth  year,  after  which  time  the 
hlooil  picture  of  the  adult  prevails.  During  these  early  years  the 
I»jIymoi-|jlnjnuclear  neutrophiles  vary  from  18  to  40  per  cent.,  the  small 
mononuclears  from  40  to  60  per  cent,  of  the  tot.il  number,  anil  often 
there  is  a  slight  incrca«?  in  the  eosinophilc  cells. 

Leucocytosis  of   Inflammations  and  Various    Febrile    Diseases. — 1'here 
is  an   absolute   increase   of   the  polymorphonucleJir   neiitrophilc  cells 
espi-cially  .-iccoinpanyiug  most  intlammations.  most  acute  infections, 
and  other  febrile  diseases,  which  is  roughly  parallel  to  the  tcmperat' 
and  which  depends  cspecifilly  upon  the  activity  of  the  inflamm 
iroccss  and  the  condition  of  the  patient. 

"  Amer.  Medicine.  Septetnber  ao,  ifloa. 
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TTi«'  following  Ecncral  ■.inicincntft  may  be  made.  Whatever  the  inunejnu 
caiiic,  a  leueocytoiit  ^cpt<3vm^  ilic  reaction  of  the  individual  lo  ilic  diwaK.  la 
iho<c  c<in<tilion«  iitually  ncconipniiied  by  a  leucovytoiis  a  hi(h  coaiu  meuu  t 
vigortfui  reaeiiuii,  litilc  more;  a  low  count  may  mean  n  poor  reaction,  baiMinit 
csie  a  poor  pmiinoi^is,  or  the  infection  niay  be  ui  »o  mild  a  dcftrcc  that  it  cm  tk< 
little  or  no  reacTiuii. 

On  (he  oilier  hand,  disc^set  differ  in  tlicir  ability  to  jitoduce  a  kucocjtaui: 
iiOTnc;  do  iiractically  always,  m  pneumonia,  and  in  a  degree  roiighljr  panlkl  to  Ot 
viriikni-e:  tonie  never,  as  metislrf,  malaria,  and  lubeiculoMs :  some  peilupi  ti) 
early  leucocyl<"i)i  futlowed  by  a  Ivuccipcnia,  claimed  for  typhoid  fcveT,  Inii  doubled 
by  IDOM :  sixnc  none  nt  tirsi,  then  a  rising  ouiim,  as  typhus  fever,  Mine  nwol 
infltienia.  and  smallpox.  Sonic  ditcascs  ordinarily  witlioul  Icueocj-toxiit  tniy  in 
CJises  of  Kreat  severily  sliow  one.  as  malaria.  In  certain  cases  much  d<]iiTir|,  ce 
the  titiialion  of  the  Infection,  a*  in  typhoid  fever,  which  infeetlon.  when  it  cimti 
empyema  or  perioMitis.  n  accoinpanicd  hy  a  rise  of  leucocyte*;  alto  lubtrculoji* 
of  the  meninges,  and  caicou*  pneumonia. 

In  cases  of  local  infediooK,  ai  abscess  tommtian,  the  leucoc3^a»i«  ii  n  tyinp- 
lorn  related  to  the  fever  and  other  toxic  features,  and  evidently  like  them  cwvd 
by.  and  its  severity  determined  by.  the  toicine  ab»orbed;  for  following  oiwritwo 
and  free  drainage  both  ([iiickly  drop  10  normal.  For  much  the  Mnie  retwn  tbt 
count  rum  guite  purallcl  lo  the  richne»i  of  the  e.iudate  in  pui-celU. 

It  it  not  the  exudate  formation  alone  nhich  govcrnc  the  leiioocylc  <xnn{,  icT 
cases  with  free  drainage  of  put  may  lose  eiiurmous  numtieri  of  while  celb  M\j 
(nImoM  a«  many  as  are  in  the  circulation  ai  any  one  time),  and  yn  shuH  a 
nonnal  count.  This  is  well  ietn  in  some  ca«cs  of  chronic  bronchitis,  bronchirtiuit. 
cyttitit,  etc.  in  varioui  lione  and  joint  abicctsc*  with  diicharging  linusei.  lu  m- 
pyenia  after  operation,  etc.  The  agent  causing  the  leueocytosi*  seems  the  -imt 
aa  thai  catning  fever,  for  Ihey  usually  begin  and  end  together,  depending  on  i!m 
free  drainage  of  the  exudate. 

Of  courte  one  would  ex|>cirt  that  a  great  to*s  of  cell*  in  an  exudate  vouU  mnn 
a  diminution  in  those  of  the  blood,  and  in  acute  case*,  a  spreading  peritonitu  for 
instance,  thif,  is  thnnghl  to  be  ihc  explanation  of  the  tuddcn  drop  in  the  ecoiil 
of  the  blood. 

In  general,  the  leiicoeyie  count  nms  in  no  way  parallel  to  the  Mrverity  of  Iht 
condition ;  a  simple  local  felon  may  cause  at  high  a  leucocyto»i)  a*  an  appen'lii 
Abscess,  and  a  fatal  pneumonia  as  little  rise  a*  a  hoil. 

Among  the  conditions  causing  leiicocytosis  are:  Acute  lobar  pntu- 
moHta.  the  best  sttiitied  (page  567). 

Acul<'  tubcrculinis  l^iicnmoiun  (  page  562). 

Acute  articular  rhciuinUism  (page  571 ). 

Diphtheria  (page  561). 

Acute  cerkbro-spinal  menlmciitis  caiis«<l  n  1eucocyto&i5  in  jH 
of  21  cases  tOsIcr);    in  4.  over  40,0(K):    the  highest.  47,000.    TTit 
leucocyte  count  is  of  no  especial  value  in  distinguishing  the  various  i 
forms  of  meningitis,  since  it  is  also  present  in  the  ttihcrcii!n»s. 

An  ordinal^-  acute  folucclak  tonsilutis  nsitally  causes  a  Im- 
cocytosis.  Tliis  was  true  of  18  of  26  of  our  recent  cases  (\2,  frtKn 
r 0.000  to  15.000:  3.  al>nvc  20.000:  the  highest.  27,000).  There  wa» 
considerable  fever  in  all  the  cases  with  high  counts. 

Scarlet  fever  (page  561). 

.1/iitff^.t. 

In  wiioopiNG-couon  the  leucocytes,  especially  the  l>inphocyt«. 
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art  iiKr«ase<l  Ihree  ur  four  times  the  iiannal  aniuunt,  averaging  40.000. 
Ihc  degree  of  leueocytosis  clcpciuliiig  on  the  severity  of  Ilie  case  and 
it*  ciHnplicatiuns.  It  is  more  pronounced  the  younger  tlic  child  is. 
Tlic  Kirly  appcimnce  of  the  leiicocytasis  is  impunanl  in  diagnusiit.  The 
rise  is  chiefly  of  ihc  lymphocytes,  but  not  entirely.  It  begins  with  the 
citseuse.  during  the  catarrhal  stage,  and  continues  longer  th:ui  the 
paroxysms,  is  maxitnal  during  cunvalesceiicc.  Others  claim  it  is  a 
inie  IciiciKytosis ;  again  <u!icrs.  ihat  tlie  forinnia  is  llnle  <lisinrhed. 

Rabies  sometimes  causes  a  true  Iciicocytosis  of  even  j^akjo,  with 
98  per  cent.  pmn.  n, 

Ervsii'klas  causes  a  Iciicocytosis  which  runs  fairly  parallel  lo  the 
icinperature.  of  10.000  to  20.000  in  mild  cases,  jo.ooo  to  30.000  in 
more  severe.  Its  jMilyniorphonuclear  neuirophile  character  is  nn're 
marked  in  adults  than  in  children.  These  cells  may  be  92  per  cent, 
in  fatal  casein.  As  the  count  falls,  the  eosinophilcs  may  rise  consid- 
erably. 

In  6  caM4  the  kucocyics  were  nnrinal  in  t.  nioderaicly  clevaieil  in  3,  and  iti.ooo 
Ud  34.JOO  in  tlic  other  two.    The  red  cclU  were  normal  in  all. 

In  ACUTE  ULCERATIVE  ENDOCARDITIS  tile  leucocytes  are  high  as 
irule,  especially  in  those  cases  running  a  protracted  course,  an  impor- 
lam  jx)inl  in  diagnosis,  any  long  continued  Icucocytosis  suggesting 
this.    In  rajiidly  fatal  cases  there  may  be  no  rise. 

In  6  caMt  rcccnib'  at  ilcatb  the  count  stood  7070.  13.600  (it  had  fallen  from 
jtjOOO).   17.000.   47.000.  and   48,000    (it    had    risen    (r»m   9800)       In    another   case. 

I3/)00 

In  IKTESTINAI,  OBSTRUCTION  the  leucocytes  rise  rapidly  to  about 
16,000  when  partial,  to  20,000  or  more  when  coinijlete:  with  over 
20.000  cells  within  the  first  twenty-four  hours  the  clinnces  are  in  favor 
of  gangrene.  This  rise  nf  leucocytes  may  l)c  of  value  in  a  case  of 
suspected  post-opcraiive  obstruction.     (Bloodgood.) 

Following  a  thyroidectomy  the  myx(Edema  is  accompanied  by  a 
count  of  even  4i).ooo. 

Smallpox  ( i>age  56 1 ) . 

Cholera. — At  the  algid  stage  the  leucocytes  may  nnmber  from 
40.000  to  60,000,  and  rapidly  disappear  during  the  stage  of  reaction. 

Pyogenic  inklammations  of  the  serotis  membranes 
pleura.  pericar<iium,  peritoneum,  not  tuberculous,  are 
,1  Icucocytnsis  which  hears  some  relation  to  the  cclli 
ixutLitc  in  Icucocjics.  more  to  the  fever.    The  cm 

r)grcss  of  the  disease,  since  it  may  drop  m  norm: 
Stationary  even  if  Ihe  tcmpcratnre  remains  clev 
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spreading  of  the  process  causes  a  rapidly  rising  count.     This  is  wtll 
seen  in  pelvic  inflammations. 

In  99  cases  of  pleurisy  with  effusion  the  red  cells  were  practically  nor- 
mal; in  6s  the  leucocytes  were  below  lo.ocx)  cells,  and  in  bill  three  of  the  remaiH' 
ing  were  they  over  15,000.  Cabot  reports  almost  exactly  the  same  figiirts  foi 
the  Massachusetts  General  Hospital  (314  cases:  33  per  cent,  above  10.000;  6  per 
cent,  above  isfloo).  The  low  counts  are  interesting  since  so  many  such  casM  m 
clearly  tuberculous. 

In  EMPYEMA,  on  the  other  hand,  there  is  almost  always  a  leucocytosis,  except 
in  cases  (14  per  cent.)  allowed  to  remain  without  operation  for  some  time. 

In  37  cases  of  acute  fibrinous  pleubisy  the  leucocytes  varied  from  loflooii) 
22,900  in  24.     In  the  rest  the  count  was  normal. 

Influenza  is  a  term  applied  to  a  wide  group  of  cases,  but  with 
the  diagnosis  seldom  confirmed  by  cultivating  the  organism.  Thetiem- 
onstration  that  many  cases  of  bronchiectasis  and  chronic  bronchitis 
are  really  la  grippe  throws  considerable  doubt  on  the  figures  given 
of  the  blood-findings.  But  accepting  the  diagnoses  as  they  stand,  the 
leucocytes  are  normal  in  about  two-thirds  of  the  cases  (Cabot),  mod- 
erately increased  in  the  rest.  Blum  *°  states  that  in  the  tj-phoida!  or 
abdominal  form  there  is  leucopenia.  Gerber ""  states  that  the  leuco- 
cytes rise  not  at  the  height  of  the  disease,  but  as  the  fever  falls;  thai  a 
count  of  20,000  cells  indicates  pneumonia.  During  the  rise  the  eosino- 
philes  decrease  or  disappear. 

In  almost  half  of  our  cases  the  count  was  above  10,000  at  the  height  of  tin 
disease,  reaching  even  2S.000.  What  is  of  more  interest  is  thai  nearly  all  the  caW 
in  which  several  counts  were  made  showed  early  a  very  low  count,  then  a  shaip 
rise,  rthich  fell  aflfr  (he  loniporature  was  normal.  This  may  explain  uliy  in  the 
ca^e^  willi  but  one  cniml  the  leucocytes  may  be  low,  even  3000  to  5000  ivhen  Ihe 
tempcr.-iiurc  is  100"  to  105",  and  high  when  the  temper.-itnre  is  normal  It  ilw 
shows  that  for  diagnosis  it  i.s  not  one  cotmt  that  is  of  value,  but  the  leucocyte 
curve. 

Any  pyogenic  processes  of  iiuicous  membranes  accompanied  by 
fever  may  cause  a  leucocytosis,  as  enteritis,  uretliritis.  etc. 

Acute  UROXcniTis  is  accompanied  by  a  leucocytosis  which  con- 
tinues as  long  as  tlie  fever.  The  count  was  from  10.000  to  20,000 
in  30  of  our  67  cases. 

In  CHRONIC  BRONCHITIS  the  emphysema  and  attending  cyanosis 
may  explain  the  few  cases  with  slight  leucocytosis,  present  in  just 
half  of  our  cases, 

Tlie  red  counts  averajjed  high,  the  mean  being  5,000,000.  Of 
25  cases,  3  were  above  7,000,000  (maximum  7,900,000). 

In  a  case  of  true  fcetid  bronchitis,  22.500, 

In  1 1  cases  of  dronchiect.\sis  the  leucocytes  were  20,000  in  2; 

"Wien,  klin.  Wochenschr.,   1899. 
*°  Wieii.  klin.  Wochenschr..  1900. 
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to.ooo  and  20.000  in  4;  nonnal  in  the  others.     The  6  witli 

Sicoc}'tosis  ran  a  slight  tenipcrnnire. 
Among  the  local  pus  processes  in  which  the  leucocyte  count  is  an 
vantage  are  opfi'iniuitis  (pfige  57' )•  I'fb'k  inHammatory  disease 
(except  tuberculous,  and  mild  in  gonorrhoMl).  abscess  of  the  liver, 
tmpyema  of  the  gall-biaddcr,  avariun  abscess,  abscess  of  the  hrain.  etc 
In  AnscE&s  OF  the  lung  the  counts  have  been  reported  very  high. 
nen  60,000;  or  law.  In  3  recent  cases  they  were  yioo,  12.300.  and 
12.500. 

In  two  recent  cases  of  gangrene  op  TOE  LUNG  the  leucocytes 
nbcred  20,000  and  4S.000. 


luniL 


In  JS  caw*  of  coNORKiKrAi.  AKTirniTis.  ihc  mean  red  count  was  4.500,000; 
owe^t.  j.600,000:  the  nitaii  leucooyie  coimi  was  9000:  8  of  23  casci  were  bttwccn 
lOAOo  and  3o/X)Ol 

In  PERiRE.VAL  ABSCESS.  5  cases.  the  leucocytes  v-irrcd  from  19,000 
10  36.000;  PYELITIS.  4  cases,  the  leucocytes  were  from  10.600  to 
r9.50o. 

In  PYEi-oNEPiiRosis,  2  casei*,  iS.ocxj  and  28,500;    hvuhonepii RO- 
US. 2  cases.  6400  and  (X>oo :  pyelonephritis,  i  case.  8000. 
t  In  RENAL  CALCL'Lus.  4  cases.  the  leucocytes  during  the  colic  were 
mm  12.000  to  iS.ooo. 

In  GOUT  ihe  red  cells  are  practically  normal,  and  5.000,000  or  over 
t)  but  2  cases  ( of  1 3  eases  the  lowest  was  4.300.000 ) .  The  lcucoc\-tcs 
ise  with  the  onset  of  an  acute  juinl  attack.  (In  18  cases  there  was 
I  mild  leiicocylosis, —  to.ooo  to  14.000  in  7  cases.)  In  a  case  counted 
laily.  simultaneous  with  the  rise  in  temperature  and  tenderness  of 
he  joints,  the  leucocytes  rose  soon  to  3 1 ,000.  and  fell  again  as  joint 
ymptoms  subsided. 

Tliere  is  a  Iciicocjlosis  in  diahetic  coma  and  In  UR.t.MiA. 

The  question  of  a  rosT-oi'EKATivE  leucocytosis  which  is  not  due 
o  infection  is  very  important  from  a  surgic.1l  point  of  view,  in  the 
liagnosts  of  sec|uct.T  to  an  operation/''  King"*  considers  that  a 
:urve  with  an  increase  of  5000  to  10.000  cells  during  the  first  .six  to 
hifty-six  hours  is  a  normal  post -operative  condition,  provided  the 
'ise  is  not  longer  sustained.  Others  give  the  limits  as  from  thirty-six 
tours  to  five  days.  It  reaches  its  maximum  during  the  fir^t  twelve 
lOurs.  Tlie  height  bears  no  relation  to  pulse  or  (^""•"■''•iire.  If  the 
ise  18  over  10.000  cells,  and  is  suslajncil  loi  iirs. 

t  is  very  suspicious.    The  normal  ante-ope' 
itiould  always  be  determined  before  o 

y  '  Pruier  and  Halloway,  Contrib.  fmin  tb 
igoci:  So.  .1. 

"  Am.  Jour.  Med.  Sci..  Scpttinlicr,  1902,  t 
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was  26,300,  six  hours  after  tlic  operation.  The  nature  of  the  fpcn 
tton  sccnied  ti>  have  httk  influence  on  the  count,  yet  the  hei^lu  ol  Iht 
rise  is  roughly  parallel  in  its  extent  and  character,  'llie  highest  counl 
was  in  a  iiqiliroloniy,  32.000  cells.  King  ionml  in  no  case  a  rutof 
20,000.  There  is  httle  relation  Ijctvveai  it  and  the  iiost-ojwrative  few. 
Chloroform  an:esilu*sia  can  cnuse  a  true  leucocylosis,  but  this  is  ven 
transitory  indeed:  ellier  none. 

In  point  of  degree  there  is  no  sharp  tine  between  the  IcucocjIoMs 
of  infected  and  nun-infected  wound  repair,  hut  the  latter  i&  an  the 
wane  at  a  lime  when  the  former  is  just  l»eginning. 

When  a  packing  is  changed  the  leucocytes  may  rise  somewhat,  in 
a  closed  wound  the  leucocytes  are  a  good  index  of  an  inieclion. 

The  diseases  causing,  as  a  rule,  no  leiicoc)iosis  arc  typ/ioid  fever 
(page  5'')5).  mcaslt's  (page  560).  and  tuberculosis  (page  562). 

Pseudoteucocyiosis,- Certain  other  hUwd-changes  ixcur  in  much 
the  same  conditions  and  are  supposed  n>  have  the  same  significance 
as  a  leucocytosis.  Among  these  arc  iodophilia  (pag:e  503}  and  a  reli- 
tive  increase  of  the  polymorphnmiclear  ncutrophiles  while  tlie  toI*l 
ctiuiit  docs  not  rise  abmc  normal.  This  is  seen  in  cancer,  septica-niiji, 
etc.  Also  degenerations  of  the  leucocytes,  fragincniatiori  of  the  imdti, 
as  in  cancer,  the  appeannicc  of  niyclocytes,  etc.,  indicate  much  the 
same. 

Leucocytosis  of  Malignant  Tumors.- — Cases  of  carcinoma  (pagt 
578)  and  sarcoma  (.page  581 ).  while  not  always  yet  often,  prcsem  a 
leucocytosis  which  bears  ikj  relation  to  the  kind  of  tumor,  except  tliat 
it  is  more  common  with  the  sarcomata  than  with  carcinomata.  Theif 
is  none  in  q)ithelionia  of  the  skin,  while  in  the  case  of  some  or^iu, 
for  instance  gastric  carcinoma,  it  is  connnon.  On  the  whole  it  Itcar* 
no  relation  to  the  situation  of  the  lumor.  'Hie  blood  of  a  case  I'f 
sarcoma  has  been  descrilied  as  even  simulating  a  leiik;einia.  It  i* 
a  leucocytosis  of  polymorphonuclear  cells,  and  mononuclears  in  some 
cases  as  well,  which  disappears  after  the  removal  of  the  tumor.  The 
occurrence  of  the  leucocytosis  in  these  cases  is  so  variable  that  it  cer- 
tainly is  not  alone  the  presence,  nature,  or  situation  of  the  tuRW 
which  deleniiines  it. 

Post-Hemorrhagic  Leucocyiosia. — After  a  large  hemorrhage  there  i* 
a  rise  of  the  leujrocytes  which  iKjgins  in  from  ten  lo  fifteen  mimites, 
and  in  one  hour  reaches  about  16.000  to  18,000.  This  lasts  a  few  (Uys 
and  then  disappears.  It  is  an  increase  of  the  polyniorpliomiclear  mti- 
trophile  cells.  The  cause  cannot  be  a  new  proiluction  of  cells,  since  tt 
begins  so  suddeidy;  il  is  best  explained  by  the  tissue  lymph  which 
flows  into  the  vessels  in  order  to  restore  the  volume  of  blond,  carry-- 
ing  with  it  a  large  number  of  white  cells.  Many  consider  that  the 
nature  of  tlie  wound  is  important,  since  oftai  with  injury  and  without 
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lemorrhagc  there  is  a  leucocylosis.  while  if  the  hemorrhage  be  llie 
reiuli  of  very  Htllc  injury,  as.  for  instance,  in  ease  of  a  gasirjc  ulcer,  the 
luration  of  the  leucocylosis  is  very  brief,  even  but  two  days.  Stassano 
ind  Billou"  found  a  hypoicucocylosis  to  follnw  a  severe  hemorrhage; 
t  true  leitcocytasis  smaller  losses  of  blood. 

tn  a  cai«  of  cirrhosis  of  ihc  liver  wiili  f.-ital  heiiiorrh-iBr  from  (he  Momach. 
tebrr  ilrstli  the  reds  wcri-  i.'jbo.ooo.  liariiiOKloliiii  Jj  pi-r  cent-.  Icucucytci  3].0OO, 

Atonal  Leucocytosis. — Belief  in  an  agonal  leucocylosis  existed  Ijc- 
Wrc  the  inflammatory  leiicucytoses  were  understood,  and  hence  many 
ascs  may  have  been  tlmse  of  terminal  pncumoniii.  Vet  this  does  not 
Kplain  all  of  the  high  counts  ai  the  last  of  a  disease.  Cabot's  case, 
(or  instance,  of  pernicious  ann-mia  resembled  a  leukaemia.  Such  cases 
Ire  rare,  it  is  irne.  In  innsi  diseases  the  leucocyles  '\n  not  change  or 
•vcn  drop  at  death,  while  in  some  cases  they  do  rise,  which  Ehrlich 
iKrilws  to  the  slowing  of  the  circulation  and  hence  the  accumulation 
)f  the  leucocytes  along  the  periphery  of  the  blood-vessels,  .'\rnelh 
loitbts  an  agonal  leucocytosis,  thinking  the  leucocytoses  which  occur 
then  are  easily  explained  by  the  disease  causing  death, 

Hedicina]  Leucocjnosis. — After  the  ailmiiiistratioii  of  any  of  a  long 
liil  of  drugs,  including  the  ethereal  oils,  tonics,  myrrh,  turpentine, 
l^ipeniiint.  whether  by  mouth  or  suhcuiantrously.  there  may  result 
a  considerable  rise  of  the  leucocytes.  In  ihe  ca-se  of  the  drug  liy  mouth 
It  seems  to  lie  comparable  t<i  a  digestion  leucocytosis,  while  in  the  case 
tf  sulxuianeous  injection  the  l<K-al  reaction  also  may  be  important. 
Hie  list  of  these  drugs  is  sn  long  and  varied  that  an  enumeration  is 
«jt  valuable.  It  is  interesting  that  the  extracts  of  certain  body  tissues 
ikI  organs  seem  positively  cliemotactic. 

The  reverse  is  also  true,  as  in  the  case  of  blood  poisons  which  de- 
troy  the  cells,  hence  with  plicnacetin,  the  chlorates,  and  pymgallic 
cid  there  is  even  a  drop. 

Other  CausH. — In  the  case  of  animals  simple  violence  will  cause  a 
ise  of  l!ic  lcui:<K)-tcs.  In  man,  hard  work,  severe  sweat,  heat  and  cold, 
irill  also;  many  vasomotor  inflnences.  slowing  of  the  circulation,  as 
ftr  instance  by  cold.  Thayer  finding  in  typhoid  fever  that  a  cold  Iwith. 
specially  those  leaving  the  patient  shivering,  would  raise  the  count 
ijout  6000  cells;  the  formula  remained  the  same."*  In  any  cyanotic 
Art  (he  leucfKytes  are  increased. 

Violent  exercise  wilt  cause  leucocytosis.  as  was  seen  in  the  run- 
ers  of  a  twcnt)--five  mile  race  whose  leucocytes  rose  from  14.000  to 
a.ooo." 

"  Comtn.-rcnil.  Soc.  BioL.  $%,  p.  180. 

"Soi:  aUo  Becker.  Dctit    Arch,   (.  klin.  Mtri),.  190I- 

■  Larfaticc.  Jour,  of  Med.  Rcsenrch.  iom,  vol  li. 
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Mixed  Lcucocytews. — By  tliis  is  meant  an  increase  of  airKriwI 
and  noit-aincrboid  cells,  that  is,  of  granular  and  non-granular;  Imiai 
coniiHonly  used  it  means  the  presence  in  a  leucocytosis  of  neutropliilt 
myelocytes.  The  best  known  ccmdilion  is  in  leuk^niin,  in  which  ihc 
absolute  number  of  myelocytes  may  be  from  50,000  !o  ioo.ooa  la 
no  other  con<htion  docs  Ihc  absolute  number  of  myelocytes  rise  al«i« 
1000  (Ehrlich).  Leiil<Kmia  is  the  chief  condition  in  which  the  ciieino- 
phile  myelocytes  are  found,  and  where  Mastzcllen  arc  incrcasctt.  AH 
forms  of  non-granular  cells  arc  also  increased.  The  next  i!k«i  im- 
portant condition  is  pernicious  an;en)ia.  Almost  any  leiicocjlons 
could  be  called  mixed,  since  it  is  common  to  find  a  few  myelocyte, 
young  cells  swept  out  too  early.  In  this  case  it  has  no  signiticanct  if 
the  cells  disapjiear  as  the  count  falls,  but  should  they  rentain  after  tht 
count  sinks  it  means  exhaustion  of  the  hone-marrow  ^that  is.  if  tht 
septic  features  continue).  The  appearance  of  myelocytes  in  tlioft 
conditions  means  more,^"  provided  we  grant  that  the  leitcopenia  ff 
such  cases  ( typhoid  fever,  e.g.)  is  proof  of  the  inhibiting  action  of  ihe 
bacterial  toxinc  on  the  marrow,  which  is  by  no  means  certain. 

In  cancer  of  the  bone-marrow,  sarcoma,  and  metastatic  carcinomi 
there  is  a  mixed  leiicocytosis  which  some  suppose  is  due  to  the  na- 
tive chcmotaxis  of  the  tumor.  In  severe  post-hcmorrhagic  an.'eniias 
and  in  various  children's  diseases.  es|)ecially  diphtheria,  anxmia. 
rickets,  congenital  lues,  anti  pneumonia  just  after  the  crisis,  it  ii» 
occurs. 

Mastzcll  Leucocytosis, — The  only  condition  in  which  these  cells 
are  increased  in  Ihe  blood  is  splenomyclogenous  leukemia,  in  which 
case  they  may  be  even  15  or  20  per  cent,  of  the  increased  coiinl. 
Isolated  cases,  as  of  cancer,  septic  Ixme  disease,  various  skin  <&• 
eases,  and  even  chlorosis,  have  been  reported. 

Increase  in  Large  Mononuclears — The  origin  of  these  cells  i*  un- 
known. They  are  increased  absolutely  in  typhoid  fever,  post-febrilt 
measles,  and  especially  in  malaria  in  which  they  are  in  large  numbers, 
even  20  to  30  per  cent,  of  ;in  almost  normal  count,  a  point  of  ilisg- 
nostic  value. 

Lymphocytosis. — Ehrlich  cla.«ific(l  increased  leucocyte  count!  1! 
active,  passive,  and  mixed  leucocytoses.  A  true  IcucocytMis  ii 
active  because  amcehoid  cells  are  increased  which  are  su|jpos«l  tn  haw 
wandered  out  into  the  circulation  in  response  to  a  positive  chemotattic 
agent.  A  Ijnuphocylosis  he  called  iiassivc  since  he  supjiosed  these  ctlU 
to  be  mechanically  washed  out  of  the  lymphatic  tissue. 

Thai  some  lymphocytes  arr  flmtrboid  on  a  rather  liol  »ia([«  (w*  10  j6'  Ct  "i 
graatecl ;    that  they  can  migrate  into  the  (imucs  in  cerlain  iktn  ditOKi  ■»  *l>* 
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iKd;  Ihey  may  be  ihc  «lls  ol  a  jileural  cKixIale;  yet  ihetc  in  little  resemblance 
it*ii  (he  inic  IcucocyluaU  and  the  1; inplioi.-) losii  whicli  wotilO  lefiJ  us  to  call 
latter  active. 

The  term  lymphocytosis  always  refers  to  the  absolute  number  of 
e  cells. 

Pliysiologically  the  coudition  exists  in  infants,  and  during  a  di- 
live  Iciicocytosis.  Pathologically  it  occurs  in  siinjile  gastro-intes- 
.1  disturbances  of  children  li>agc  574).  in  \vhoo]jing -cough  (page 
).  cervical  adeiittiii.  the  reaction  to  tuberculin,  malignant  lympho- 
a,  sarcoma  intiltiplex  cutis.  The  best  illustration  is  lymphatic 
;a;mia,  in  which  case  over  (jo  per  cent,  of  the  140,000  cells  may  be 
U  mononuclears.  There  is  an  absolute  increase  in  splenomyc- 
■jious  leiikxmia.  and  after  splenectomy  there  is  very  constantly  a 
■'  increase  of  lymphocytes  to  even  twice  the  normal  number,  which 
ins  in  about  a  inonth  and  continues  during  the  first  year.  The 
«i  picture  may  even  suggest  a  Icuk.-emia.  The  same,  but  to  a  less 
rce.  occurs  in  chronic  spleen  tumor. 

The  leticucyte  count  may  be  low  and  yet  a  true  lymphocytosis  exist, 
n  a  recent  case  of  anitebic  dysentery,  with  a  count  of  2500  cells, 
ler  cent,  of  which  were  small  mononuclears.  The  best  illustrations 
mg  the  chronic  disease  are  hereditary  lues  and  severe  rickets.  The 
eineut  is  usually  made  that  in  chlorosis,  pernicious  anjemia.  de- 
y,  Lite  typhoid.  Graves'^  diseases,  hamoiihiiia,  scurvy,  and  during 
■Old  treatment  there  is  a  lymphocyto.'iis,  but  in  many  of  these  cases 
increase  was  not  true  but  relative,  since  the  granular  celts  were 
inished. 

The  leucocytosis  of  children  is  sometimes  a  marked  lymphocyto- 
as  in  the  case  with  enlarged  tonsils  mentioned  by  Churchill,  in 
;h  the  count  was  20.000,  70  per  cent,  of  which  were  small  niono- 
ears.  In  the  diagnosis  of  lymph.itic  leukxmia  these  cases  must  he 
enitjcrcd.  The  clinical  microscopist  must  also  retnemljcr  that  there 
Imosi  no  apparent  relationship  hetween  enlarged  lymph-glands  and 
phttcytosis,  as  is  seen  in  Hodgkin's  disease,  chronic,  and  acute 
phatic  leukxmia. 

One  interesting  case  Ehrlich  mentions  of  general  lymphosarcoma 
but  0.6  per  cent.  .■*niall  mononuclears  in  the  blood. 
L^ucopema  results  from  the  reiluction  in  one  group  of  cells  or  a 
•ral  reduction  of  all.  The  former  is  seen  during  typhoid  fever, 
iw  5000  cells  per  cubic  millimetre  is  usually  considered  a  leuco- 
a.  As  example,  it  is  claimed  that  the  first  steii  in  a  leucocj-tosis  is 
■op  due  to  the  disintegration  of  some  and  accmnulation  of  other 
te  cells  in  the  internal  organs,  liver,  lungs,  spleen,  followed  by  a  rise 
to  the  emptying  of  the  depots  of  these  cells.  In  Itiberculosis  of 
ph-glinds  the  count  is  even  below  600  cells. 


500  CLINICAL   DIAGNOSIS 

Cases  have  been  reported  under  the  name  "  alymphjemic  lymph- 
omatosis," as  one  case  (Sdiwarz)  with  fever,  acutely  swollen  glands, 
and  only  600  leucocytes  per  cubic  millimetre,  and  they  all  lyinphocytes 
(no  autopsy).  Tiirk  said  some  such  cases  show  no  features  of  an 
infection. 

The  relationship  between  abdominal  troubles  and  leucopenia  is 
interesting.  Typhoid  is  a  disease  with  leucopenia  while  liniiied  to 
the  intestine,  with  leucocytosis  when  other  organs  are  involved ;  tuber- 
culous peritonitis  uniformly  causes  no  leucocytosis;  "abdominal  in- 
fluenza" causes  no  leucocytosis. 

Following  some  fevers  the  count  is  low,  as  typhoid  with  but  2coo 
cells.  In  a  case  of  li.Tnioglobinuria  here  the  count  of  leucocytes  ran 
nearly  parallel  to  that  of  the  red  cells,  with,  at  the  lowest,  2,500.000 
reds  and  950  leucocytes. 

In  cases  of  starvation  or  malnutrition  due  to  any  cause  the  count 
IS  low;  e.g.,  starvation,  voluntary  (page  489).  or  due  to  disease  as  in 
cancer  of  the  cesophagus  (page  580).  In  one  of  our  cases  of  ulcera- 
tive colitis  the  patient's  red  count  was  2,100.000,  leucocytes  700  per 
cubic  millimetre. 

In  acute  mihary  tuberculosis  (page  s64)the  counts  are  verj'  low 
sometimes,  with  a  great  reduction  of  young  cells.  In  all  chronic  intoxi- 
cations, alcohol,  morphia,  lead,  ether,  mercury,  arsenic  (hence  the 
drop  in  leukaemia?),  leucopenia  is  the  rule. 

Eosinophilia. — By  eosinophilia  is  meant  an  absolute  increase  of 
the  eosinophile  cells.  The  average  percentage  in  a  normal  case  is  from 
2  to  4  per  cent.,  and  while  often  it  is  the  percentage  by  wiiidi  t!i« 
eosinophilia  is  judged  the  term  should  be  limited  to  those  case;  in 
which  the  absolute  number  of  these  cells  is  above  250  per  ciibir 
millimetre. 

Those  conditions  in  which  these  cells  are  increased  vary  so  much 
that  they  are  well  termed  the  most  capricious  cell  of  the  blood. 

1.  There  is  a  imivsiological  eosinophilia  during  childhofxl. 
II.    Diseases  of  the  Hematopoietic  Organs.     I.  BoN'e-M.\rrow,— (fll 

Sf^louiinyclof^ciioiis  Ifukccmia  is  a  diagnosis  which  Ehrlich  says  slimiKl 
he  made  only  in  case  there  is  absolute  increase  <if  these  cells.  .^>  ■! 
rule,  they  are  much  increased,  even  to  29.000  per  cubic  tnillimelK 
(Zappcrt).  The  mimlier  of  undoubted  cases,  however,  is  increasiiii; 
in  which  these  cells  are  very  few  or.  indeed,  entirely  absent. 

(b)  In  sarcoma  of  the  lx>ne-marrnw  they  are  .soinetimes  present 
in  great  numl>ers  (page  580.  In  (r)  osteomyelitis  and  {d)  o>tei'>- 
malacia  they  arc  sometimes  increased. 

2.  Spi-een". — One  year  after  extirpation  of  the  spleen  there  -Imsly 
develnjis  an  eosinophilia  which  lasts  for  se\eral  months.  These  cells  :irc 
increased  to  from  tliirtv  to  fiftv  times  their  normal  number,  and  nw)' 
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onstitute  even  36.6  per  cent,  of  the  leucocytes.  A  somewhat  similar 
ondition  is  present  in  cases  of  chronic  splenic  tumor,  in  which  these 
eucocytes  may  be  from  7  to  12  per  cent.,  and  in  tumors  of  the  spleen ; 
n  both  cases  the  spleen  is  partially  functionless. 

3.  Lymph-Glands. — An  eosinophilia  accompanying  disease  of 
hese  glands  is  rather  doubtful,  since  in  the  cases  described  carcinoma 
netastases  to  the  bone  have  not  been  excluded.  In  one  case  with  such 
netastases  the  eosinophile  cells  numbered  60,000. 

III.  Asthma. — In  true  bronchial  asthma  at  the  time  of  the  i>ar- 
ixysm  eosinophile  cells  may  be  from  10  to  20  per  cent,  of  the  letico- 
ytes;  in  one  case  of  Billings,  between  53  and  54  per  cent.  This  is  of 
liagnostic  importance  in  excluding  asthmatic  attacks  due  to  other 
ause.  In  emphysema  these  cells  are  also  increased,  in  one  case  being 
,3.6  per  cent,  of  a  total  of  8300  leucocytes. 

IV.  Skin  DisesKs. — A  large  number  of  skin  diseases  are  accompa- 
lied  by  eosinophilia.  This  depends  more  upon  the  extent  of  the  lesion 
ban  its  nature.  The  contents  of  the  pustules  are  sometimes  interest- 
ng.  since  all  of  the  leucocytes  are  eosinophiles. 

In  one  case  of  pemphigus  reported  by  Zappert  there  were  q8oo  eosinophiles 
er  cubic  millimetre  of  blood :  in  one  of  pemphigus  vegetans  in  this  clinic  on  one 
ay,  with  a  total  of  20,^00  leucocytes.  2.6  per  cent,  were  eosinophiles ;  on  another 
ay,  11.6  per  cent. :  in  pellagra  and  psoriasis  these  cells  are  sonietiines  increased;  in 
rticaria  they  may  reach  even  60  per  cent,  of  the  total  number ;  in  a  case  of  pur- 
Bra  with  cyanosis  in  this  clinic,  of  5^,000  leucocyte;.  11  per  cent,  and  later,  with 
Imost  as  high  a  count,  25  per  cent,  were  these ;  in  certain  cases  of  eczema  ihey 
re  increased;  of  two  cases  of  scleroderma  in  this  clinic,  in  one  they  constituted 
4  per  cent,  of  70CW  leucocytes;  in  the  other.  }..i  per  cent,  of  10.500;  in  five  cases 
f  pnrpura  simplex  the  red  cells  and  ha;moglobin  were  practically  normal;  three 
ad  a  leucocytosis  of  from  10.100  to  40.600  (eosinophiles.  ij.i  per  cent,).  This 
ut  case  was  also  one  of  myositis  with  the  eosinophile  cells  rimning  from  ii,.i  to 
5.6  per  cent,  (total  leucocytes  20.300).  but  no  other  evidence  of  trichinosis  could 
e  found.  In  one  of  three  cases  of  purpura  rheumatica  there  was  a  leucncytosis 
f  13,300.  In  three  cases  of  Henoch's  purpura  the  leucocytes  in  one  were  lo.ooo, 
n  two  cases  of  purpura  hemorrhagica  the  leucocytes  numliered  7500  and  Wwo:  of 
he  latter  4,5  per  cent,  were  eosinophiles.  In  one  case  of  purpura  hemorrhagica 
l4  per  cent,  of  the  5200  leucocytes  were  eosinophiles.  In  one  ca*e  of  morbus 
rrorum  the  leucocytes  were  5000.  the  eosinophile.s  iH  per  cent.;  they  slowly 
[iminished  for  tour  counts  during  one  month  when  in  the  hospital,  at  which  time 
hey  reached  normal,  .•Mter  chemical  irritation  of  the  skin,  for  insianre  by  mer- 
uric  chloride,  these  cells  are  much  increased,  even  to  u  per  cent. 

V.  Panntea. — Any  parasite,  from  the  harmless  pin-worm  to  the 
nost  malignant  uncinaria,  may  caii-;e  an  eosinophilia.  It  is  not  always 
present,  nor  does  its  degree  liear  any  relation  to  the  severity  of  the  in- 
■ection  or  the  danger  of  the  parasite.  Aml»erg  in  anncbic  dy^icniery 
)f  children  found  a  slight  entini-ijjiiilia. 

In  trichinosis.  Brown  demnn'trated  this  as  n  mo'^t  iiT)|Kirtaut  jK>int 
n  diagnosis,  the  maximum  count  l«ing  a  total  "f  35.cx»o  It-un K-y tes, 
)8.2  per  cent,  of  which  were  e^isinophiles.     This  cisinophilia  is  not 
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always  jirtseiit,  as  in  the  case  of  Howard  and  one  of  Da  Costa.  Ira 
was  presail  in  all  the  others  of  the  :>5  to  30  cases  tliai  have  Ikm 
rqtorteil.  In  a  case  of  Gwyiin's  they  were  65.9  per  tent.  In  Broiiii'> 
case  they  gradually  fell.  'liie  neiUrophile  cells  are  relativdy  awl  al»'- 
hilely  low.  He  was  nnablc  to  get  any  Charcot-LcyUcn  crjsuils  I'tra 
the  blood,  hence  considers  some  other  clement  than  this  necessan'  inr 
their  formation. 

In  uncinariasis  the  eosinophile  cells  have  constituted  usually  iripiii 
8.2  to  10  per  cent.,  in  one  case  reaching  72  i>er  cent,  of  the  wunl. 
Our  highest  count  was  13  per  cent,  in  a  total  of  7400  leucocyHS. 
In  one  case  with  Ta.'nia  saginata  the  cosinophitc  cells  were  34  per  cert.: 
of  Ascaris  lutnbricoides.  19  per  cent. ;  Oxyuris.  16  per  cent. ;  Sirotijj- 
loidcs  intestinalis,  13.5  per  cent. ;  Bilharm.  20  per  cent.  In  filariaw 
they  varj-  frHin  4  to  17  jier  cent,;  in  Calvert's  case,  22  [wr  ctnt„ 
reaching  a  iiiaxitnnin  at  <!<iy  (some  say  night).  Calvert  thinks  Ihai 
the  number  of  eosinophile  cells  varies  as  the  aciuenesi  of  the  attack, 
and  hence  in  long-standing  cases  there  is  no  increase.  Calvert  found 
that  the  nunihcr  of  these  cells  in  the  circulation  hears  an  inverse  rda- 
lion  to  the  number  of  embryos,  they  increasing  in  the  day  as  the 
embryos  disappear.  In  hydatid  cysts  of  the  liver  the  eosinopliiha  is  con- 
sidered imporiant,  it  varying  from  7  to  20  per  cent.,  in  one  case  even  to 
per  cent,  of  the  total  count,  hut  not  always.  In  ihc  afebrile  stage  of 
malaria  tliese  cells  have  risen  to  20.4  per  cent.  In  draconliasis  tlwj' 
arc  reported  as  from  6.4  to  36.6  per  cent. 

VI. —  A  poM-febrile  ewtinophilia  occurs  after  most  fevers,  or  at  !<»« 
these  cells  increase  to  the  upper  limits  of  nonnal.  In  scarlet  (erer 
during  the  course  these  cells  may  vary  from  8  to  15  per  cent..  b«l  in 
all  other  fevers  during  the  heiglit  they  are  diminished,  and  as  tbt 
temperature  drops  they  rise:  in  pneumonia,  e.g..  to  5.7  per  <eiil.. 
absolute  number.  430:  acute  articular  rheumatism,  to  9.4  i>cr  «siL. 
absolute  number,  970;  in  malaria  one  day  after  the  attack  30.3iV 
cent.,  or  i486;  varicella.  iG  per  cent.:  measles,  5  per  cent.:  rickfls, 
20  per  cent. 

VII. — During  a  positive  tubercwUn  Injection  the  cclls  fall  and  llWl 
rise  even  to  -'C>.<)  per  cent.  (3220).  In  one  case  reported  by  GiawU 
their  absoKitc  number  was  41,0(K)  nut  of  a  total  of  45.000  leucocjie- 

Vlll.^In  diseases  of  the  genital  orsans  these  cells  are  often  ifr 
creased;  in  all  ovarian  diseases  except  cancer:  this  was  Inic  in  iw 
of  eighteen  ovarian  cysts  an<i  abscesses:  in  gonorrhcra,  csjteciallv  the 
posterior  urethritis  and  prostatitis,  they  are  increJised. 

[X_ In  mallenant  disease  they  sometimes  constitute  fnwn  7  I"  '" 

per  cent,  of  the  leucocytes,  in  one  case  of  lymphosarcoma  even  reacH- 
ing  60.000  cclls. 

X.— .^fter  certain  medldnw.  as  camphor   (to  9  per  cent)  or  tht 
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nhalation  of  carbon  dioxide  tiicy  rise,  allhougli  this  increase  is  iticon- 
lilt  and  rare. 
XI.— In  diseues  of  the  •ympathetlc  nervous  system. 

The  oniciN  of  cosinopliilia  dow  not  concvrn  the  clinical  microscopUt.  He  iio- 
ihat  in  ccrlain  KneaiK  from  vesicles  lie  tiiid»  large  numbers  of  these  eells  and 
hat  in  ilio«c  conditions  with  local  accumulation  tbe  coimi  in  ihc  blood  ii  u»uall]r 
lornu).  There  i*  a  group  of  rate  cases  uitli  certain  ccll>  increased  in  the  blood 
onccniinf  which  it  is  a  matter  of  opinion  wbctlier  Ihcy  arc  eoiinophiles  or  ncutro- 
lUiles.  Were  thit  the  experience  of  one  or  two  men  tlicit  tcchniijue  or  their  judg- 
xnt  miitht  Ijc  exposed  lo  criltciim,  bin  enough  now  have  found  thi»  difficult}'  to 
ntiify  the  »tatcnietit  Iliat  in  «oitie  caiet,  rare,  it  ii  true,  there  is  a  cell  the 
haracteri  sties  of  which  arc  intcrmcdiaic.  S»ch  occurs  in  trichinosis  ctpccially. 
See  page  470,) 

lodophilia. — 'Flic  iodine  reaction  of  leucocytes  is  tested  with  the 
olIoHing  reagent:     loiiiiie.  I  gm. ;  potassium  iodide,  j  gins.;   water. 

00  (X. ;  giun-arabic,  5  gni. 

A  drop  of  this  reagent  is  put  on  a  slide,  a  fresh  unfixed  smear 
iQ  a  co\er-gIass  is  pressed  duwn  onto  it,  and  the  excess  of  stain  then 
emoved  by  pressure  on  the  glass. 

.All  the  blood  elements  are  stained  a  bright  yellow,  hni  in  certain 
onditioiis  sonic  of  ihe  polyniorphoiuiclear  neiitruphiles  arc  found  to 
ontain  granules  which  take  a  brownish-i^d  color;  some  cells  are 
ilTusely  stained;  similarly  staining  substance  is  seen  in  the 
lasiita. 

i  The  granules  within  the  cells  (the  intracellular  reaction)  vary 
niKli  ill  size,  shape,  color,  number,  and  arraiigenieiH.  or  the  substance 
nay  lie  diffusely  present  in  the  cell.  The  masses  in  the  plasma  (the 
xtraccllular  reaction)  arc  round  or  oval  (from  2  to  8  microns  in 
lianieler).  and  often  suggest  masses  deposited  from  disintegrated 
ells. 

1  In  judging  the  degree  of  the  test,  both  intensity  and  number  of 
ells  alTected  are  to  be  considered. 

Why  the  test  is  given,  what  it  means,  is  very  uncertain.  The 
(ibstancc  present  is  supijosed  to  be  glycogen,  but  since  all  normal 
euoxrytis  contain  this  substance,  it  must  l>c  present  here  in  some 
rartictilar  form. 

I  The  reaction  is  positive  in  the  greatest  variety  of  conditions:  in 
fcmicioiis  ana*niia,  in  severe  secondary  .inxmia.  hut  not  hi  chlorrwis. 
tnd  the  moderate  grades  nf  anarmia;  it  is  always  positive  in  leiika'inia. 
ITie  numlier  of  cells  bears  a  direct  relation  to  the  acuteness  of  the 
ittack.  and  it  is  said  has  a  progno.'^tic  value.  I.a  Franca  fouml  them 
n  chlornsis,  and  considered  only  a  large  numlwr  of  affected  cells  im- 
jortant.  I-ockc  considers  it  a  test  independent  of,  but  of  nearly 
tqiLit  value  with.  leucocytosls.  It  is  poftltive  in  nearly  all  cases  of  sep- 
iiia,  especially  those  with  leucocytosis,  in  cases  with  purulait 
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cxiuLiies.  hence  especially  pneumonia,     ll  is  invariably  presem  in 
s»T)lic  tonilitions  due  tu  any  cause  if  of  any  severity   (Locke).'' 

A  clinicul  importance  is  claimed  for  the  reaction  in  certain  'lit- 
eases,  as  in  appendicitis.  Locke  found  ihc  imensiiy  of  reaclioa  \o 
depend  tm  the  severity  .ind  duration  ut  tlic  process  in  the  appeniiix 
and  Uie  aiiiouiil  of  septic  absorption  from  the  focm.  But  the  iwmt 
of  greatest  importance  is,  lie  claims,  the  occurrence  of  a  marked  iodine 
reaction  without  Icucocymsis  in  some  of  llic  most  virulent  cases.  Aftr 
operation  with  free  drainage  the  reaction  disapiiears  within  ("Hi- 
eight  hours. 

The  pendulum  has  swung  in  regard  to  the  value  of  this  lest,  anil 
many  now  condemn  it  as  of  little  value  surgically  (Reich).  KCittntr 
gives  it  some  prognostic  value,  an  increase  in  intensity  of  the  resctiun 
being  a  bad  sign, 

'ilie  g)-na.'cologisls  claim  it  is  of  value  in  diagnosis  of  jiclvic  aliscw*: 
in  ovarian  cyst  with  twisted  pedicle  and  high  Icncocylosis,  for  in- 
stance, the  test  is  negative;  and  similarly  other  conditions  without 
pus  formation. 

Blood  Platelets. — Blulplatchen,  Pla'ines  ("Kemp.  Osier).  Hacnisifr 
blasts   (Mayem),    (Plate  II,  23).     In  the  bloL>d  are  the  so-caUcd 
"  third  corpuscles,"  smalt  colorless  bodies  containing  no  lirenv^Wjin. 
about  three  microns  in  diameter,  round,  oval,  or  rod-shaped,  .iccordiiig 
to  the  view-jioint.  without  a  biconcavity.  bluish,  soft,  liomugcneous 
or  granular,  but  not  sticky  and  glistening  when  perfectly  fresh  » 
they  are  so  soon  after,  which  look  and  stain  like  nuclear  material', 
they  contain  no  nucleus,  no  membrane,  and  have  in  an  ordinary  frtsJi 
blood  preparation  a  peculiar  bluish  refractivity  like  the  protoplasm  of 
a  non-granular  leucocyte.     Platelets  when  perfectly  fresh  arc  slightly 
granular,  but  at  once  when  removed  from  the  blood-vessel  Iwcome  hya- 
line and  glassy,  then  pale,  and  disappear,  or  unite  to  form  a  granular 
mass.    Two  important  characteristics  are  to  be  emphasized.     A  plate- 
let is  soon  a  very  sticky  body,  hence  unless  special  5xing  fluids  are 
used  it  attaches  itself  at  once  to  the  glass,  to  other  corpuscles,  or 
platelets  collect  in  masses  of  three  to  five  normally,  but  of  htmdreds 
when  increased  much;  it  is  very  fragile,  hence  goes  to  pieces  rapidly, 
even  in  a  few  seconds.    This  disintegration  is  partiailarly  true  of  the 
platelets  in  masses,  hence  when  tht-j-  are  increased,  aufl  the  result  is 
the  so-called  Schultzc"s  "granular  masses"  (see  Fig.  114).  from  the 
periphery  of  which  radiate  fibrin  strands,  and  at  the  edges  of  which  are 
vaciiole-likc  areas,  the  so-c.iUed  "  viscous  metamorphosis"  of  Eberth. 
or  the  "mucoid  degeneration"  of  Osier. 

Stained  with  the  usual  Rnmanowski  mixtures,  they  are  wen  nor- 
mally in  groups  of  one  to  ten ;   they  would  seem  to  lie  composed  of 

"Jonr.  Med  Rwcnrch.  January,   1902. 
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nucleus  and  protoplasm,  llic  nucleus  consisting  of  rows  of  blue  or 
rciUlisli  dots  MHiietiincs  arranged  in  a  spherical  mass,  the  protoplasm- 
like substance  sometimes  liardly  seen,  sometimes 
swollen  to  give  tliem  abiiost  the  size  of  a  red  cor- 
pus4:lc.** 
H       V\'Ii«)  the  plaleleis  rest  on  cells  they  rcsenible 

malaria  parasites.  It  is  to  lie  noted  lliat  tliey  have  ^„.,  „,._pJl,.  ,,^,p.«, 
not  the  (lefinilc  siructtirc  of  the  pfirasitc.  that  ihcy  ''<'nio»i"i:a.pi»icituii.ir. 
are  surroimcled  by  a  clear  zone  from  which  the  n«l"v':^^h-u-.:f^r;. 
hxnioglobin  has  been  pressed  out  by  the  pkitelcl.  Ij""!"*. 
while  the  protoplasm  of  the  corpuscle  comes  up  exactly  to  the  para- 
site. 

Their  size  in  the  fresh  specimens  varies  from  2.5  to  5  microns 
in  diameter  l  Dctermann  )  ;  1.5  to  3.^  micnms  (Osier)  ;  j  lo  7  microns 
(Preisich  and  Heim).  In  general  their  size  varies  inversely  as  their 
nnniber;  that  is.  the  more  the  platelets  the  smaller  they  are.  Their 
fragility  also  is  more  marked  wiien  lliey  are  increased.  Some  soon 
show  clear  areas,  either  in  the  centre  or  or  one  side,  or  on  the  whole 
periphery;  others  become  crescents,  triangles,  quadrangles,  spindles, 
threads,  etc.  (see  Fig.  r  14.  a,  b).  It  is  much  the  best  to  study  them 
at  a  temperature  not  over  40*  F.,  for  then  these  changes  are  much 
slower,  requiring  minutes  instead  of  seconds. 

It  is  customary  to  call  wrongly  anything  a  platelet  which  is  smaller 
than  a  red  blood-cell  and  does  not  contain  harmoglobin.  The  blood 
certainly  contains  a  certain  amoiuit  of  cell  detritus,  but  the  term 
pLiielet  should  be  reserved  for  bodies  which  have  a  peculiar  bluish  re- 
ft fractility,  are  very  sticky,  and  soon  go  to  pieces.  Anything  floating 
in  the  plasma  in  a  blood  preparation  to  which  a  fixing  fluid  has  not 
been  added  i.*  probably  not  a  platelet,  although  it  may  resemble  it 
perfectly.  Buds  from  red  cells  lose  their  hxmoglobin,  become  gran- 
ular or  glassy,  "and  cannot  then  be  lold  from  plaleleis;"  "inner 
Ixxlies"  extruded  from  red  cells,  after  undergoing  certain  degenera- 
tive changes,  "cannot  be  told  from  (degenerated)  platelets."  One 
must  <lccidc  whether  to  call  platelets  all  fragments  which  look  like 
degenerated  iilalelets,  or  lo  compare  tlicni  with  platelets  studied  under 
tlie  Iwst  contlitions ;  easy  theoretically,  but  hard  when  one  is  counting 
ibcm. 

5|>ecimens  of  the  platelets  are  best  obtained  in  the  following 
manner:  A  drop  of  Picini's  fluid  (mercuric  bichloride,  2;  sodium 
chloride.  4;  glycerin.  26;  water,  distilled,  226),  or  Hayon's  fluid 
(water.  200  cc:  sodium  chloride,  I  gn\.;  sodium  sulphate,  5  gius. ; 
potassium  iodide  solution  (water,  100,  potassium  iodide,  3,  iodine  in 
excessl,  35  cc.),  or  the  fluid  recommended  by  Kemp  (0.Q  per  cent. 

S«  ulsri  Piifhhcrgcr,  Virchow'*  Arch,.  1503,  vol   cUxt,  p.  i8i. 
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sodium  chloride  solution  in  2.5  per  cent,  lormalin).  or  I>etennam'i 
fluid  (distilled  water.  160;  glycerin,  30;  sodium  chloride.  1;  sodiiun 
sulphate,  8;  nictliy!  violet.  0.OJ5  parts),  The  best  fluid,  however,  is 
a  10  per  cent,  sodium  melaphospliaie  solution.  A  drop  of  the  tliiidtt 
placed  on  the  well-clcaiied  tip  of  the  linger;  the  skin  is  then  pndmj 
through  this  drop  so  that  the  blood  will  at  once  mix  with  the  fixing 
fluid;  a  drop  is  then  placed  ou  a  slitle  and  covered  with  a  cover-jjliw. 

To  COUNT  the  platelets,  the  relation  between  them  and  tlic  red 
blood-cells  is  counted  in  a  fresh  prcijaration.  An  ordinarj-  red  blood- 
count  is  then  made,  and  from  this  the  number  of  platelets  per  cubic 
millimetre  may  he  easily  calculated.  Hellier*"  counts  them  iiir«ily. 
The  blood  is  quickly  mixed  with  10  per  cent,  sodium  tnciapliosplisif 
in  a  pipette  giving  a  dilution  of  i  :  30.  and  is  then  counted  on  .i  nilcii 
slide  similar  to  the  ordinary  counting-chamber,  save  that  ihc  tiiid- 
ness  of  blood-lilni  is  0.02  mm. 

The  normal  number  per  cubic  millimetre  has  been  found  Jjo,- 
000  (Osier);  225.000  (Detcmiann);  245.000  (Enden).  Yet  tlie 
number  varies  much  in  the  same  person  at  different  hours  of  ihe 
day.  and  in  general  ihe  physiolngical  variations  are  so  coustder^iie 
that  only  very  great  ones  are  to  be  considered  clinically  important. 
But  Helber  found  no  great  daily  variation  (190.000  to  260,000; 
average  228,000.  The  remarkable  closeness  of  these  average  fig- 
ures is  interesting).  In  the  new-ljorn  for  the  first  few  days  the>' are 
ver)'  few.  In  certain  diseases  they  are  very  many;  in  other  diwasw 
very  scarce.  It  is  hard  to  classify  these  diseases,  but  most  agree  tlist 
they  arc  increased  in  an-Tuiias  due  to  any  cause,  especially  post-lietnor- 
rhagic.  during  the  blood  regeneration,  and  may  be  rc!ate<l  to  ihe 
red  blood-cells  as  1 :  10;  the  increase  is  surely  a  good  sign ;  lliej*  arc 
increased  in  chlorosis,  decreased  in  peniicious  an.Tinia  and  in  any 
severe  an;fmia  which  is  doing  poorly.  The  greatest  incrc;i«*  i*  in 
Splenomyelogcnous  leuka>mia.  very  low  counts  in  lymphatic  I  Pratt). 
They  are  increased  in  chronic  diseases  with  cachexia,  and  in  comli- 
tions  with  malnutrition  generally,  the  blond  showing  the  marW 
changes  of  hydremia,  low  specific  gravity,  poikilocytes.  etc.  Tlie 
mmibcr  of  the  platelets  varies  with  the  amount  that  the  disease  affect* 
the  blood,  hence  there  are  more  in  cancer  and  in  nephritis  than  in  tlie 
anrcmia  due  to  cardiac  disease,  tuheradosis.  etc. 

During  acute  fevers  of  long  duration  they  are  at  first  (ltminislie<l' 
but  increased  during  the  third  or  fourth  week  as  the  jKitient  Iwginsl^ 
get  weak.  In  typhoid  fever  a  rapid  diminution  is  considerc<l  a  tii'l 
sign  (Tiirk).  In  short  sharp  fevers  there  is  at  first  a  decrease,  ihena 
reactionary  increase,  the  ciin-e  often  resembling  that  of  the  leiicocyie- 
The  more  acute,  more  severe,  more  threatening  the  disease,  the  highff 
"nfiil'ch.  Arch.  f.  klin   Med,  igoj,  Bd.  81.  p.  316. 
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the  tcmperaliirc,  the  fewer  tlie  platelets,  so  that  in  malaria  and  pneu- 
monia not  one  may  be  found.  After  liie  temperature  drops,  especially 
if  by  crisis,  ilie  platelets  may  rise  above  normal  in  iwemy-four  hours 
and  continue  so  for  two  to  three  days,  then  return  to  normal.  In 
crysijielas  and  septicemia  there  is  no  preliminary  decrease,  but  an 
ncrease  from  the  start.  In  acute  articular  rlietiniatlsni  there  Is  A  great 
ncrease. 

Cases  reported  with  total  absence  were  a  moribund  case  of  pneu- 
lonia  and  one  of  nqiliritis,  a  case  of  pernicious  ann^nia  and  one  of 
urpura. 

Pran  *"'  found  no  relation  to  exist  between  the  coagulation  time  and 
latclet  count. 


I 


The  HEAXtttc  of  ih«  plaiclett  ha*  hem  much  disputed.  Donn^  coiiMdered 
lem  "  ([lobtitiiii ;"  Sehtiltxc.  fraititietiis  o(  lirohcn-iluwn  leucocytes  (aUo  Howell) ; 
lUzoiero  said  they  were  independent  C[>rputclrs.  a  vi«w  whicli  Dr.  Osier  nUo 
ol<l!<;  Lonlt  Mid.  aiiefacls;  Haycm  is  the  onb'  ont  who  cuiiiideM  ilicni  ac  very 
oung  red  biciiid-cellk  For  several  years  the  belief  in  ibctc  »%  independent  cor- 
uscles  WAS  beld.  until  in  1897  Arnold  UtuBhl  lh:ii  ihcy  were  fru^tnenti  constricted 
rom  red  blood. cell*  or  frJigmenl*  of  cell*  which  bad  gone  lo  pieces..  DctcrniBiin, 
ullowiiiK  lbi»  work,  pointed  oiit  that  their  number  was  usually  increased  in  the 
>nw  ptoportion  that  the  red  bluod-celtx  showed  signs  of  degcncrntinn.  tli»I  their 
raxility  and  their  mic  depended  on  their  niinibcr;  he  considered  thctn  meiely  a 
lie-Asurc  of  the  rciiilance  of  the  red  cell*  (Mosio).  Schwalbc,  Miillcr,  <-/  0/.. 
■onsidcr  this  pjatclet  formation  from  red  cells  a  necessary  preliminary  step  in 
K)aciilation. 

Haximow"  consider*  iliem  the  extruded  inner  body  of  the  nucleoid.  In  speci- 
nen»  properly  stained  ( Maxiinow  used  methylene  blue  and  eosin,  hence  any  of 
:he  modiflcd  Romiinowski  stains  will  do)  all  steps  of  this  process  can  be  found. 
SoBie  cells  have  a  blue-tiained  centre;  in  others  Ibis  blue  body  projects  from  ihc 
.til;  a([ain  it  lies  in  a  depression  on  llie  edge  of  the  cell;  others  lie  free,  Some- 
lintcs  the  cell  looks  like  a  bomb  burslrng  and  dtschargrng  this  mass.  Engel  thinks 
ihese  masses  are  remnanlt  of  the  nucleus,  Maniniow  says  not  Prcisieh  is  one  of 
dw  Usi  10  insist  thai  they  arc  the  extruded  nuclei  of  the  red  blood-cells,  hence  are 
in  constant  process  of  formation;  that  nnimals  wiili  micleated  reds  liBvc  no  plate- 
Ids;  (hat  platelets  increase  as  the  leds  increase,  and  (thi*  point  is  hardest  lo 
Uccpt)  that  eosinophile  leucocytes  are  while  phaffocyies  which  have  ingested 
)taic1els. 

On  the  other  hand,  platelets  occur  in  jtrealcst  nMml>e(»  where  the  polymorphn- 
lucleafs  arc  breaking  down,  as  in  splenomyelugcnoiis  leukfemia,  and  when  a  Icuco- 
jtonu  is  aubstding:  and  least  where  these  cells  tire  the  least  numerous,  as  in 
lernlclons  anxmia.  lymphatic  leukxmia.  fl  ai 

The  nenl  work  of  importance  is  that  of  Dcetjen."  who.  using  a  special  agar 
ilatc.  considers  that  he  has  proved  ihcin  independent  cells,  motile,  and  nucleated. 

Deetjen's  method  is  as  follows:  Five  grammes  of  agar  agar  arc  luiled  in  500 
c.  of  distilled  water  for  thirty  mim^tes  to  dissolve  it.  then  tillered  through  a  folded 
liter.  To  each  100  cc  of  filtrate  -ire  added  0.6  gm,  of  sodium  chloride.  (1  to  8  cc. 
if  to  per  cent,  sodium  metupbosphaie  (NaPOil,  nnd  ;  cc.  of  to  per  cent,  acid 
mlBiMium  phosphate  (K.HPC).  After  .idding  these  salts  the  fluid  should  no(  be 
■oiled  nor  much  heated,  lest  the  mciaphosphntc  he  converted  lo  onhopbosphaie 
rbc  solntioii  should  now  be  clear,    A  drop  b  placed  on  a  slide  and  allowed  to  cool. 

"Jour,  of  Med.  Research,  August.  190,1 
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Tht  most  of  the  aK^^  surface  is  cui  away,  Icavinjt  a  smoolh  ar«a  aboni  i  mm. 
square.    On  lliix  the  bluod-drop  ii  placed  and  at  once  covered  by  a  «ivc[-gl»t 

Tlii:  specimens  may  l>c  fixcil  by  Hilton  iiix  (  per  ccnl,  oMnic  acid  lo  (un  imdct 
the  slip;  the  cover  i>  then  tn^.^ed,  waihed  in  water,  thern  in  96  per  c«nL  licM 
for  unc  iiniiHte,  then  stained  in  hxmaioxylici  and  eotin. 

Ue«ljen  believes  tliem  lo  Iw  actively  annelniid.  llie  atnccboid  motion  T«naifiii( 
the  alxivc  6a1t;^  fur  itf,  bcit  demon M ratio  11.  In  Mich  aftar  kpccinicn^  ihcy  itt  iraioj 
or  elliptical  ditkx.  then  In  i>nc  or  two  minulct  thow  a  inotv-  refractive  rcnitMl  iiitiei 
body  with  a  iiteeiii)^h  tinitc  and  a  periphery  of  pale  prutupla^iin  which  i»  "in  »ii>4 
million."  changing  ihape  10  rapidly,  :ind  puiilion  a  well,  that  it  ix  hard  tu  liii* 
them,  Thii  may  continue  for  hour*;  best  on  a  warm  stage.  The  stained  -iptonicn 
»how  the  proioplaini  and  the  inner  body  which  take*  a  rudcar  atain.  and  MCfni 
to  cofltist  of  a  chrnmaiin  nei-worlt.  The  ea^c  with  which  thi*  can  l*  scoi  dcptndi 
on  the  amount  thcj*  have  "  tprcad  out."     Some  arc  larger  than  red  blood-ccUj. 

WIj'sow,  who  Added  dilute  nicrtiiric  chlori<le  sohition  to  freth  hlnod  oil 
could  ice  the  platelets  "  leave  the  red  celU,"  wm  an  especially  Kvere  critic  o(  Dw- 
jen's  work,  and  pointed  out  that  althouKh  platelets  do  channc  (heir  tlupr  ihr; 
never  reiunie  their  urigitial  one;  they  may  extrude  "' pieudopods."  but  lliey  ontr 
show  true  ininchoid  motion;  chloroform  will  slop  ihc  ainteboiii  inottoti  of  Iniw- 
cylcs.  l.ut  not  that  of  plaieteis;  their  nucleated  structure  is  not  proved;  iincttad 
mutii>ri  1"  never  seen  in  platelet*  in  tlic  circulation;  Dertjcn  uses  an  agar  fiflJ. 
which  would  much  favor  the  production  of  dilTiision  currents  i  Wla9M>w.  tlirreiwt, 
siill  bclicvTh  them  lo  arise  in  the  red  cclh.  Wlassow  made  ttuicWIy  a  frcOi  <.peciinm 
of  Wood,  then  ran  nnder  the  covcr-glais  a  drop  of  oiie-Kfth  concentrated  inctwnc 
chloride  sohilii>n;  at  onic  llie  reds  becocne  granliljir  and  a  small  refractive  hplint 
area  appearf.  ii^iially  at  ihe  periphery.  From  thi»  a  bud  develops  which  t*  Mnw- 
times  an  irrcRular  mai^s  of  |[ranule<  which  increnset  and  tnay  become  mi>rr  ihomj, 
and  then  icparalei  from  the  corpiiKcle.  Thi*  body  may  or  may  not  contain  hun* 
Blobii),  those  which  do  later  lose  their  color  and  then  cannm  he  di»tingiiiib(d  itoto 
plutelels.    Others  have  contirnicd  Deetjen's  work  (Dekhiiysen  and  Kop«ch) 

We  have  observed  most  of  the  almvc  pheiionieiia,  hill  have  seen  no  true  ira* 
boid  motion,  that  is,  a  change  in  position  which  the  ehaiigcis  in  fhipe  will  cxpUm 
All  look  more  like  merhanical  and  cbetnical  processes 

Kemp,  in  his  recent  iiiteieitnig  work  on  the  blood  al  ft  hinh  nlliludc,  is  conMcDI 
some  platelets  do  contain  hiemoglobin,  and  hence  i»  in  iloiibt  as  to  their  oripn; 
formerly  he  hiid  been  a  firm  believer  in  them  as  third  corpii^cics. 


Reaction  of  the  Blood — Tn  liltiius  the  IiIwkJ  is  alkaline,  and 
various  iiiclliods  h.ivc  liceii  propascci  to  (k-terniiue  llic  anuniiit  of  this 
alkalinity.  If  by  alkalitiity  is  iiieaiit  a  prepoiuleraticc  of  free  OH-ions 
ill  tile  blood,  llie  pliysical  chemists  liave  taught  us  that  llie  lilcxitl  is  an 
almost  nctitral  fluid,  quite  so  when  dcfibriiiatctl.  slightly  alkaltite  vvlwn 
arterial,  while  the  seniin  is  almost  as  neutral  as  di)*tillc<i  water.  But 
by  alkalitiily  the  clinical  chemist  means  the  acid-combining  pr<ij«rty 
of  ihis  fluid,  or  the  amount  of  alkali  in  it  which  can  Iw  stihsliittted 
by  an  acid.    This  is  of  interest  and  of  considerable  iinpi^rtancc. 

Tlie  reaction  of  the  blootl  is  due  to  the  alkaline  phosphates  of 
sodium  and  the  alkaline  earths,  and  to  the  alkaloid.il  bases  ( I^Mte), 
Yet  chemically  (he  blood  acts  as  an  acid  from  the  presence  of  acid 
salts;  that  is.  it  contains  unstable  acid  salts  which  react  lo  color  indi- 
cators as  feeble  bases,  but  which  behave  as  acids,  since,  in  the  presence 
of  true  alkali,  they  become  neutral.  Rrandcnbnrg  divides  the  alkaline 
components  into  two  parts,    The  Rrst  is  the  dilTusible  alknli.  the  tuitivc. 
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or  Ifie  mineral  alknli.  that  is.  tlie  bases  wliicli  arc  bound  to  carbon 
ili»xidc.  This  is  iliflfitsible,  ami  may  lie  nieasiireil  by  bringing  ibe 
WiAxi  into  cuiitaci  thmiigli  a  di^usion  membrane  witb  alk-ilmc  (inuis 
"f  variouit  concentnilion  iiiitit  one  is  found  wliidi  in  luiuact  willi  blw/d 
Jocs  nut  change  its  alkaliiniy.  The  other,  anfl  greater  in  ainouiu,  is 
liie  alkali-  and  acid-binding  value  of  the  proieids  which  varies  directly 
with  the  amount  of  albumin,  hence  chielly  wiih  the  bluod-count.  The 
'lilfusibic  alkali  is  lo  the  total  as  1:5  in  l1ie  case  of  the  total  nonnal 
i)iood ;  in  ihc  sertim.  as  : :  2 ;  in  the  corpuscles,  as  i  :  8 ;  and  in  cases 
of  aiiaeinia  of  various  grades  rhat  of  the  total  blood  may  vary  from 
1 :  3  to  6. 

The  alkaline  tension  (that  is,  the  diffusible  alkali)  is  rather  con- 
stant, about  00  mg.  of  NaOII  per  100  cc.  of  blood.  The  total  alkalinity 
depends  much  on  the  blood-count,  and  hence  is  subject  lo  great  varia- 
tions. The  alkaline  tension  and  the  molecular  concentration  of  the 
plasma  run  ahnost  parallel. 

Tlie  alkaline  tension  has  been  found  reduced  in  diabetes  inellitus.  in 
ufKntic  coma,  in  pneumonia,  and  in  certain  cases  of  nephritis  (small 
contracted  kidney  and  acute  toxic  nephritis).  These  cases,  then,  may 
be  said  to  show  "acidosis."  or  evidence  of  acid  intoxication. 

Tlie  alkalinity  of  the  blood  can  be  varied  for  a  short  time  by  alkaline 
drugs,  and  alkaline  rectal  enemata,  but  the  effect  is  very  temporary. 

Determination  of  the  Alkalinity. — Tlicre  is  h.Trdly  a  delcrniinaiion 
which  the  clinician  would  more  gladly  make  than  the  alkalinity  of  the 
blood.  It  would  be  of  such  iinporiance  in  diagnosis,  in  prognosis,  and 
in  therapy ;  and  yet  the  methods  are  notoriously  inexact. 

Tlie  reaction  of  the  blood  to  litmus  has  little  absolute  value,  since 
it  (IcK's  not  show  the  carlMHi  dioxiile  the  chief  acid  of  the  blood,  and 
yet  this  is  the  indicator  which  has  been  commonly  used,  and  the  restdts 
obtained  have  a  certain  empirical  value. 

(ll  Lajcdoijs-v,  Jaksck  Mcikhh.— By  ihis  mclliod  it  J?  atlcmpicil  M  il«crniine 
Ihe  alkalinit}-  o(  thi;  plaMiiu  by  udditig  (o  tlic  bluuil  an  acid  solution  o(  Glauber's 
Mit  of  «ui:li  compotilion  llut  ihc  Mood  it  not  Ukeil  lutglllecn  mixlurcs  o(  ihis 
tr>lation  arc  tiied. 

Solution  i;  I  cc.  cnnratns  ag  hundredth -normal  tartaric  acid  and  oi  ce. 
oonc.  Clauber'i  sail  solutiun. 

Soluiinn  1:  I  cc.  cniiiain.t  0.8  hundreiiih-normal  tartaric  acid  and  0.3  cc 
cone.  Olauber"*  ult  suludon. 

Solution  3:  I  cc.  cnniitinf  0,7  hundredth -normal  tartaric  add  and  oj  cc 
cone.  Glauher's  lali  solution. 

Solutions  4  to  0'   <l<i'^  urrics  continued. 

Snlinioo  to:     coiilain*  0.9  ihousandth-nonna!  tartaric  acid  and  c.i    cc- 
Glaulicr't  lalt  solution,  etc. 

Soliulon  I  rcjiiali  360  mg.  N'aOH  in  100  cc.  of  Wood.     0(  the**  variout  f 
I  cc.  ii  mcaMircd  into  *mall  receptacles  and  0.1  cc-  o(  blood,  accitrately  ■ 
»il<Ifd.  mixed,  nnd  the  reaction  tenled  nt  once,  that  is,  in  lr»-  ihnn  one 
minuter,  with  litmufi  paper     V.   Jakfch,  who  hat  uted  ihi^i  method  1 


^rt*'-^  ::*l*pt)«»-Tno(T:,  ot  blood. 
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""'''  '  "■**    ■  *■ --*«*iwiwr  -r  rfi»>raBvnr  TTWK  IS  t;i  wii^  tfaan  in  wama 

"''        ''"  :'f>**'   -  -.iliwp.r       rNritth^k^  ir reaches  a  immmiimb 

-^ -K*'-- -•-«*^.,,55ra  -.■gww^rttrTawnrnatHiA  far  adult  life  at  abott 

'***"    '*''     '^ftr*-    ■■«■»«■*■■.■ -rr.-i«t  aoE-   TBt  daily  vaxiatiaas  b 

c,iK-".r  ^^  ryM  r^rMr    «wfer      >ww>ig  liuHiitaju.  dic-alkaiinity  is  sligi:^ 

./ft.;-^fi     -.^^  ..-.  ■•r^  trrnrvn  ■  r  -^Ait  iit  ttaegzunc  juice),    h  b 

■'f^^'-.i-*^  '.^  — n-^s-c*  ,-fl:«9-rtrr  -iia|n!fat  Tl*)  heftoeto  tfac  fommkiiot 

.ftf**'/  ^V       .»  yiMii<np»  ..f  -n»- .^ifter  .it  i-xnoos  tberapetitic  pn- 

/a/.(«.   .,,  f^af:,^^r-  -»o<tr»  ''-.■SK^-^^wEK  itfacaiiied.  the  effect  of  varieng 

.fVr.f'^'^  ■,"  arj/f*   ,**«•  -«!ft  .tt^sr  -dwi  naxoiBjry.     The  bkxid  sccbb 

,,,,^«y  ,,Mi  .^i^ .ft -«w«f- ,«iy  -tssnsr^iriisreacnoa. 

;'!n»  .ilV^ffrArfy  -,f  -fMr-^tai  ".lortt  r<  ^Iwan  j^rcaor  than  that  of  Ae 
-'r  >tn,  >r\f^  'hr  '■t.r'tn*'^-*^  -Jay  in  imati  parr:  ilie  aJkalnnty  npid^ 
A\\(\\r\vh*"».  im^tf  '■'>!t<pfT»((/wt  -  :hcir  :a  sJobisf  tawataiit.  Znnz  fami 
rlr,if  111  I'/'/rminnfM  :f  t^^  r'n^m  v-^oto  rTnnqf  perioacc  Tfaeartctitf 
Iff'.* .'I  p-  Vit/ht)'/ mftt^ HtkMine zhska  the veions UogcL  but  the ififfenne 

t':it}it^/if(i«*!tny  ir  i«  'liminnhfft  in  -levare  ansemia,  cqwdallT  te 
fHtiiU-iititt,  frtrt  n/>f  in  i*hlArvMt«;  in  the  higtt  fevers,  dtphtheria.  a^A 
ti'-.'f-t.  nii/f  mAn^W,  inffAMiflfif  ev«n  tn  abnve  normal  during  convaltt- 
ihiH- .  in  iirrftntn.  'i?>t^-mal«ia,  and  jiat  before  death.  The  nas 
lii{HI-Hi,ii  i-rf-h:  nr^  th^  «i*id^K«!!»  due  to  cancer,  malnutrition,  profburf 
.  I,  III  i(  'iikI  ■i|.ii,'(.  .-ill  cUf  tlif  foma  of  diabetes  mellitus,  in  ■inc'i 
'Mill  II  '  ■  fill'  .■iiii'Miiii  i.f  acirl  [ler  kilo  was  equivalent  to  :.~ 
I'l  III) (  I  If  I 


\.i(.i.lI  I  i>.  >Iiiii  ii|<i|Ii<ii  |>y  I'tdni,  Higifr.  and  others  showed  dial 
I'll  I  I  iiU'i  iiiili.m.  Mil  i'>B-iiii«iii«  lii'i  r*-<i|ii>iiil  with  an  increase  in  tfje  aUaunnr- 
.1'  I'  '  '  II  ■II,, I  In  I  ilHM-Ti«f  It  llir  iiiiri'lii'ti  he  fatal  the  decr^i^  vacnoB 
-  ■''  '  "I'  I'  'I'.  I'liii'il  i.ii'ii'ij,  llif  itlkrtliiiity  «ill  then  rise  until  al>.>i-e  iifTm. 
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Urea  in  the  Blood. — A  very  siniplc  method  given  by  Herter  °'  is 
as  follows:  A  carciully  measiirt'd  quainiiy  of  bltxxl  is  treated  with 
tiiree  to  four  times  it>  volume  of  absolute  alcohol  and  allowed  to  stand 
tnoiiy-four  hnurs.  The  filiraic  and  washings  are  evajwraied  to  dry- 
ness at  moderate  temperature,  the  residue  taken  up  again  in  absolute 
alcohol,  and  again  filtered.  The  iiltraic  and  washing's  arc  again  evap- 
orated to  dryness,  and  the  residue  dissolved  in  a  little  water.  The 
nilro^n  o£  this  solution  is  detcnnincd  by  the  sodium  hypobromite 
methixi.  exactly  as  in  the  urine.  Other  nitrogenous  extractives  of  the 
Wood,  as  creatin  and  lecithin,  will  also  furnish  a  little  nitrogen,  but 
these  arc  small  in  amount  and  are  not  wholly  broken  up.  while  urea  is 
by  far  the  most  abundant.  Tins  method  is  sufficiently  accurate  for 
clinical  work. 

Anaemia. — Grawitz  defines  an.Tmia  as  a  deterioration  of  the  Iilood 
qualitatively  and  t|nantitalively  as  regards  one  or  all  of  its  constituents 
— the  plasma,  the  ojrpuscles.  and  the  hemoglobin.  The  term  as  gen- 
frally  used  means  a  reduction  per  cubic  millimetre  of  the  red  blood- 
tells  either  in  number  or  in  volume.  But  these  cells  arc  really  a  rela- 
rively  unimportant  part  of  Ihe  total  blootl.  having,  so  far  as  we  know. 
but  one  function,  and  that  a  relatively  minor  although  indispensable 
one.  of  carrying  oxygen  to  the  tissues,  while  the  plasma  contains  the 
onnslituents  upon  which  ilepend  the  life  and  health  of  the  body,  includ- 
ing Ihe  red  corpuscles.  In  the  plasma  arc  the  raw  materials  from 
which  eacii  cell  gets  new  material  for  its  structure,  the  food  and  fuel 
which  it  may  use,  and  the  many  and  as  yet  unknown  bodies  for  its 
defence. 

By  anaemia,  proiwrly  speaking,  we  should  mean  a  diminution  in  the 
total  volume  of  undiluted  blood.  The  proof  of  this  is  impossible.  The 
rtrfuction  in  volume  does  occur,  as  observations  at  the  autopsy  table 
show:  in  cases  of  emaciation,  for  instance,  and  with  a  practically 
normal  blood-count,  On  the  other  hand,  by  dilution  with  tissue-lymph 
the  blood  after  a  hemorrhage  wilt  maintain  its  volume,  while  the  dilu- 
tion IS  manifested  by  the  red  blood-count.  Lastly,  in  other  cases,  as  of 
pernicious  anemia,  there  is  evident  diminution  in  volume  of  blood  and 
of  tile  corpuscles. 

Rut  the  essence  of  an  aniemia  is  a  poverty  in  the  plasma  of  the 
ptntoplasm-building  bodies,  that  is,  of  the  proteids.  Some  have  con- 
*i<lcred  that  this  was  liest  determined  by  measuring  the  amount  of 
Water  in  the  plasma,  which  may  be  supposed  to  increase  a*  they  de- 
crtaw.  hut  this  has  proved  unsatisfactory  since  a  dilute  plasma  may 
mean  only  an  increased  volume,  while  in  the  severest  an-xmi-is  fclin- 
ically't  with  low  count  the  plasma  can  protect  itself  remarkably  well, 
iJ  diemically  be  almost  normal, 

'Jour,  of  Exp.  Med,,  vol.  iv.  p.   iig, 

Si 


ei4  CLINICAL  DIAGNOSIS 

From  the  practical  point  of  view  a  (limimition  in  the  pcrccnlap:  nf 
haemoglobin  is  accqMcd  as  tlie  most  sensitive  nnJex  we  have  oi  iny 
deterioration  of  the  blood,  and  a  diminished  red  blood-cclI  count  i 
sign  of  a  slightly  more  advanced  grade,  but  first  in  value. 

By  oligocylluemia  or  hypocythsmia  is  meant  a  relative  diminution 
in  the  number  of  red  blood-cells :  that  is.  those  of  a  unit  %'olume  of  blood 
are  absolutely  diminished,  litis  may  be  due  cither  to  an  actual  reduciMa 
ui  number  of  llie  cells  in  the  body,  or  to  .in  increased  amount  of  ptiiinta. 
By  oUgochroinamia  is  mean  a  diminution  in  the  amount  of  hxnia- 
glohin  per  luiit  voUune  of  blood.  By  color-imU'x  is  meant  tl>e  per- 
centage of  haemoglobin  divided  by  the  percentage  of  the  red  blood- 
cells,  5,ooo,ocx>  cells  considered  as   too  per  cent.    (Sec  page  4^) 

By  oligtrmta  is  meant  a  diminished  amount  of  blood  in  ilie  Iwdy. 
This  may  be  susiwctcd,  but  cannot  be  proved.  OU^fcmxa  serosa  issn 
'oligjemia  of  diluted  blood;  oUgccniia  sicca,  an  oligjemia  with  Wood 
(jualitatively  normal,  llydrccmia  means  an  increased  percenta);u  of 
water,  and  occurs  whenever  there  is  a  diminished  amount  of  albuniin. 
Polyplasmia  is  an  increase  in  the  volimie  of  the  plasma,  su|>t)o»ed  to 
occur  in  chlorosis;  oUgoplasnta,  a  decrease,  which  occurs  in  ceitiin 
cardiac  diseases.  By  plethora  vera,  an  increase  in  the  total  voiuineof 
blood.    This  can  only  be  suspected. 

By  the  httinalopoirtic  ore<""  one  tisually  meant  the  orfant  forming  tti  toi 
white  corpuscle! ;  the  boiie-marrow,  spletii.  And  I}ni|>li-glonds.  The  Uiuc-MUtO* 
eerwinly  is  the  buildiiig-ptncc  for  red  corpmclci  snd  m.iny  leticocyles ;  ibc  »pl«" 
i»  active,  perhaps  a(lcr  a  Mvere  hemorrhage,  but  olherwlie  i*  pro^iatily  unimpD'- 
tant  so  fur  «»  ihc  red  blood-ccll«  are  concerned ;  it  is  pos *ibly  ini^rtanl  in  tl" 
formation  of  leucocytes,  and  ii  ijuitc  probably  the  organ  which  renun-c*  tlic  "li 
celh:   the  funciicm  of  the  lyinpb-iclanil*  as  hxmaiopoiciic  oritana  is  still  in  dotibi 

The  red  blood-cells  have;  «i  far  a»  we  yet  know,  the  one  function  of  train- 
portinK  the  oxygen  to  Ihr  lissue*.  ati  indi<tpenNlble  bul  relative])'  mimvr  [nnc1^"l) 
of  the  Wood.  The  function  of  the  leucocytes  ii  riill  imperfectly  known;  in  gtiwnl. 
Ihcy  arc  wid  to  I>e  important  in  inimiiniiy,  in  the  protection  of  the  body  njiiort 
invading  organisms,  or  toxins:  in  nutrition,  since  by  means  of  them  a  great  W 
of  neutrnt  fat  is  abtorlird  into  the  intcMine^  and  by  going  to  pieces  ihcy  cccuinlf 
raiie  the  albumen  content  of  the  blood.  The  function  of  the  platelet*  apiri  tMO* 
coagiitaiion  is  not  well  known.  While  thMe  fimcilomi  of  the  formed  cleniMl»  <" 
very  imporianl.  those  of  the  plasma  of  the  blood  arc  far  more  so.  and  « 
study  the  former  because  ihcy  arc  a»  yet  the  only  index  of  the  condition  of  tl* 
latter.  Vet  In  studying  the  causes  of  anxmla  those  organs  which  form  llie  pl»"* 
intisl  be  considered  (he  most  important  liwmatopoieiic  organs,  Tliew  art  <**■ 
cially  the  intcttine.  the  liver,  and  the  kidneys,  allhougli  every  organ  modllM  » 
some  degree  the  composiiion  of  the  plntnu.  It  it  In  tlie  intestinal  wall  llut  At 
plMDia  obtainn  it»  praieid  content;  in  the  liter  that  the  execs*  of  carbohy^nt* i* 
removed,  or  more  furnished  when  ncccssafy,  that  the  atlie*  of  llw  body  arc  trW- 
formed  to  ureti,  etc.;  and  It  U  in  the  kidney*  that  the  most  of  the  *»he»  •" 
removed.  Certain  of  the  glands  with  intenial  secretions  arc  nlw  imporUM  '■ 
modifying  the  conditution  of  the  blood.  The  pancreas  furnishes  the  inienul 
secretion  necessary  in  sitgiir  metaboIi»m,  while  the  importance  of  the  thirroid  lOJ 
the  adren.nl  U  writ  known,  Iji'lly,  in  the  muscles  themselves  the  blood  i»  modififi 
ibcy  taking  tip  certain  food  constituents  and  fuel,  and  giving  in  return  the  ashes  <rf 
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itoc  bodicft.  Il  it  thus  seen  ih.il  t:\try  organ  nf  ihc  Imdy  it  a  bloorl-htiildinc  or 
bkod-modifjrinK  oriiait.  cilltcr  adding  to  or  sublruclinn  ((oni  llie  plattna  curtain 
bodws.  and  thai  llic  liluod  will  suffer  from  iliscn-tc  of  any  one  of  these  organ*  but 
OfMolly  of  tlic  intcftiitic.  liver,  and  hidni^y?.  In  nearly  all  di^ca^c  of  tlie  blood 
it »  probably  the  plnama  that  sulTcrs  6tsi.  and  in  many  of  the  anxiniai  the  diniinu> 
lion  cifhvf  in  nniounl  or  in  vaIuc  of  the  red  btood'trdtg  may  be  merely  the  cxproMon 
q4  tbe  malnutrition  resulting  from  an  abnormal  plai^nia  of  the  otgitn  forming  (hem. 
The  corpuscles  cannot  slay  noinial  long  in  an  hydrscniic  plasms.  In  pernicious 
■nxmia  and  other  loxxtniat  the  element  of  blood  destruction  it  of  cour«e  al»o  very 
imponant 

The  anseinias  may  be  classified  as  primary  and  secondary.     By 
primary  is  meant  one  for  which  an  adequate  cause  cannot  be  assigned. 
Here  arc  inchidcd  chlorosis,  the  essential  idiopathic  an.-eniias,  the  sim- 
ple primary  and  tlie  pernicious,  Itukx-mia.  and  pscndoictikxmia.     By 
secondary  anxniia  is  meant  one  for  which  the  cause  assigned  seems  ad* 
otuate  to  explain  the  blood  condition.   Under  these  causes  arc  grouped 
hemorrhage,  blood  poisons,  malnutrition,  increased  albiunin  destruc- 
tion, cachexia,  and  poor  hygienic  conditions.    ITie  above  classification 
ii  purely  clinical,  not  harmatological.  and  the  autopsy  tabic  not  infre- 
quently shows  to  be  secondary  ati  aiuemia  which  was  during  life  sup- 
pose<I  to  be  primary.    The  blood  pictures  are  by  no  means  sufficiently 
distinct.     Points  of  differential  diagnosis  are  easy  enougli  to  tabulate, 
but  rather  hard  to  apply  in  an  inilividiial  case  unless  marked,  and  yet  the 
anxmias  of  known  cause  seldom  resemble  the  pernicious  variety  and 
it  is  seldom  one  finds  a  case  with  the  picture  of  secondary  anarmia  and 
the  cau^e  not  known.     With  the  clinical  history,  the  physical  examina- 
tion, and  the  blood  examination,  the  diagnosis  is  usually  satisfactory, 
but  not  always. 

By  hyf'of'laslic  an(Ftnia  is  meant  one  due  to  insufficient  blood  forma- 
tion.    By  coHSumfitivf  anamia  one  due  to  increased  blood  destruction. 

From  the  ha-matological  point  of  view  one  separates  the  cMorotxc 
and  pcrnkious  forms.  These  terms  are  used  carelessly.  By  the  former 
is  meant  a  slight  or  no  reduction  in  the  numlicr  of  red  cells  and  a 
definite  often  consi<lerable  reduction  of  the  Iia:moglobin.  In  this  list 
are  nearly  all  the  milder  grarles  of  secondary  anawias,  the  primary 
chlorosis  and  the  leukaemias.  By  "  pernicious"  in  this  connection  is 
meant  a  great  reduction  in  Iwih  cells  and  ha;moglobin.  C(|ual  or  with 
Ok  color-index  higher  ihan  I.  Such  cases  are  the  primary  pernicious 
and  rare  cases  of  almost  any  extreme  form  of  secondary  annrmia. 

Secondary  Anaemia. — A  sccmdary  an;eniia  is,  from  the  point  of 
view  of  the  palhologisl,  one  of  which  the  cause,  known  or  suspected, 
feems  sufilicient  to  explain  the  condition.  But  whatever  the  cause,  the 
jiicttire  which  the  term  brines  to  mind  is  that  of  a  blood  of  which  the 
hicfnoglobin  is  more  rcduceil  than  the  count  of  reds,  and  the  plasma 
hydneniic.  The  red  cells  are  usually  smaller,  of  lighter  weight,  while 
some  are  large  and  "  waterlogged." 
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Cabot  suggests  a  classification  for  tlic  sccondarj-  anxmias  winch  is 
useful.  Mild  casfs  nre  thuse  with  a  iiurtnal  count.  ))ut  with  the  lixmu- 
globin  diminished;  specific  graviiv  slightly  lowered;  the  count  ot  ihc 
red  bloo<l-cclls  normal,  yd  a  good  many  of  them  of  light*wcigtii.  u., 
small  anJ  pale  in  apiwarance.  are  see(i.  A  modernte  greuie  is  one  with 
a  normal  count,  but  the  reils  show  (jnalitative  changes;  degenerations, 
inicrocytes,  poikilocytcs,  crcnated  cells;  the  cells  stain  abnormally: 
there  is  less  tendency  to  rouleaux  formation.  Severe  cases  are  those 
with  hoih  qualitative  and  (nianlitative  changes ;  the  count,  however,  is 
not  nuich  reduced  except  in  the  anxmias  of  childhood,  after  large 
heinorrhafjcs.  in  malaria,  and  in  acute  septicaemia.  Very  severe  caus 
are  those  with  all  of  the  above  mentioned  changes,  and  in  addilira 
evidences  of  degeneration  and  destruction  of  the  cells;  evidence  of 
regeneration  (nucleated  reds)  will  also  be  present. 

BL.OOD  Picture.- — Iti  secondary  an%mia  ihe  lilood  may  grossly  Ix 
pale.  'Hie  reds  are  less  reduced  than  the  haimoglnhin,  and  their  (•viil 
may  be  normal.  In  severe  cases,  however,  theK  will  be  a  great  redac- 
tion ;  in  V.  Limbeck's  for  instance  with  recovery.  3o6,ocK),  A  reduc- 
tion of  :,o(X),ooo  cells,  Be^angon  and  Lahbe  consider  a  niilil  hypncy- 
tliicmia,  one  of  from  2,000,000  to  3.000,000,  an  intense,  while  if  tin 
cells  arc  re<luced  10  one  million,  an  extreme  hy|>ocyili«mia. 

The  reduction  in  luctno^htbin  is  the  constant  antl  most  impttftanl 
feature,  and  the  best  index  of  ihe  grade  (yet  see  page  466).  The  color- 
index  is  lowest  in  cases  due  to  cancer,  hemorrhage,  and  ganjjTW""'' 
processes,  yet  in  none  of  these  cases  is  it  quite  so  low  as  in  chlorosi*. 
On  the  other  liami  in  cases  with  extreme  oligocytha?mia  the  boily.  il 
given  sufficient  time,  seems  to  protect  itself  by  increasing  the  colttr- 
indcx.  that  is,  by  the  production  of  cells  which  in  size  or  weight  art 
normal  or  above  normal.  Some  think  that  the  high  color-iiulex  cf 
peniicious  anxmia  is  itself  not  characteristic  of  the  disease,  but  an 
expression  of  the  low  count,  the  Ixjdy,  because  of  the  chrmiicity  I'f 
the  disease,  having  had  time  to  thus  protect  itself,  while  in  lIio« 
cases  of  secondary  ana-mia  with  low  count  and  low  color-index  1I* 
acute  course  prevents  this  protective  measure.  The  specific  gr.nvity 
of  the  blood  is  low.  The  dried  residue  is  rednce<l.  Tliis  is  especlsllr 
inie  in  the  cancer  cases.  (In  one  case  of  cancer  of  the  stomach  wiili » 
count  of  i,4oo.(KX),  15  per  cent.  Hb.  the  diHed  residue  was  only  4 
per  cent. ) 

Morphologically,  the  stained  cells  show  a  lack  of  hsetnoglobin.  awl 
yet  a  gf>od  many  are  normal,  In  many  the  biconcavity  is  very  eviflnl. 
and  pessary  forms  are  common.  The  polychromatophilic  degcneraii"" 
is  common,  is  seen  within  twenty-fmir  hours  after  a  hemorrliaje  '"" 
bears  no  relation  to  the  haemoglobin -content  of  the  cell.  Tlie  niiinbt^ 
of  these  basophilic  cells  runs  fairly  parallel  to  the  gr-ide  of  the  an«n>i*. 
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SO  mucli  so  that  iliis  easy  method  has  been  siiggesled  as  a  substitute  for 
tile  itKire  diftiailt  of  blood -counting  (Walker). 

l\>ikilocylcs  occur  only  in  the  severest  caws,  unless  the  term  be 
used  to  include  the  variaiions  in  size,  for  the  cells  are  much  reduced, 
;iIthouf;K  unevenly  so.  Microcytes  always  occur,  some  even  2  microns 
in  diameter,     Large  cells  with  "acute  dropsy"  have  been  described. 

Xucli'atcd  reds  vary  much  in  number.  This  bears  no  relation  to  the 
an;emi3,  either  its  grade  or  its  cause.  They  arc  abundant  in  some 
cases,  as  in  acute  posthemorrhagic  anajmia  and  in  some  chronic  cases, 
while  in  others  of  the  same  degree  they  are  absent.  Tlicy  may  occur  in 
crises  (sec  p.ige  479).  The  celU  are  normohlaats  as  a  rule,  microblasts 
occur  in  the  severe  post-Iiemorrhagic  type,  and  megalohiasts  .^^e  ex- 
cee<lingly  rare  except  in  cases  of  malaria  and  other  diseases  which 
affect  the  btine-niarrow. 

The  leucocytes  vary,  depending  on  the  cause  of  the  an?eniia  and  its 
complications,  from  a  leucopenia  to  a  leukjcmic  condition.  Anemia  is 
a  great  stimulus  to  the  bone-marrow,  which  during  convalescence  in- 
creases the  count  of  the  wiiite  blood-cells  as  well  as  nf  the  red.  hence, 
as  a  rule,  there  is  a  moderate  leucocytosis  witli  an  increase  in  the  poly- 
morphonuclear neulrophilcs.  In  the  other  cases  it  is  very  bard  to 
explain  the  picture.  The  cosinnphilfs  vary  much,  from  few  to  an  ex- 
treme eosinophilia.  As  a  nile  they  are  at  the  upper  limits  of  normal, 
anri  if  further  increased  some  oilier  reason  than  the  simple  anxmia  is 
the  cause. 

The  platelets  are  increased,  even  doubled  in  number.  This  is  always 
true  in  the  post-lienu>rrhagic  cases. 

Acute  Post- Hemorrhagic  Ansmia This  anaemia   may    be   acute  nr 

chronic.  Tlie  loss  of  one-half  to  two-thirds  the  volume  of  blood  at  one 
time  is  fatal.  Women  tolerate  hemorrhage  better  than  men,  and  chil- 
dren least  well  of  all. 

The  character  of  this  anjemia  depends  upon  the  hemorrhage; 
whether  the  los-s  nf  blood  occurred  all  at  one  time  or  at  intervals.  The 
clinical  picture  of  these  tonus  is  very  different. 

TI1C  Wood  immediately  after  a  hemorrhage  is  normal  qualitatively, 
then,  as  the  tissue- lyitiph  is  ponred  in  to  restore  the  volume,  the  count 
and  the  luenioglobiu  diminish  and  the  specific  gravity  becomes  some- 
what less  since  the  lymph  is  richer  in  water  than  is  the  plasma.  The 
color-index  should  remain  "i"  for  a  short  time,  then  decrease,  since 
the  new  cells  hastily  formed  are  "  light  weight."  smaller  in  size,  paler 
in  color,  and  more  easily  degenerated,  l>oth  as  regards  their  shajK  and 
staining  tpialities.  It  is  possible,  of  course,  that  some  of  these  deg:en- 
enile«l  cells  are  old  cells  allowed  to  remain  in  the  circulation  longer 
than  is  normal,  and  that  others  arc  cells  injured  by  the  abnormal 
plasma. 
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The  loss  of  from  50  to  70  cc  of  blood  even  will  cause  an  appreciable 
increase  in  water.  The  count  falls  steadily  until  the  dilution  is  com- 
plete, and  then  as  the  new  cells  appear  the  count  slowly  returns  to 
normal,  the  haemoglobin  somewhat  later,  it  being  weeks  before  the 
imperfect  cells  are  entirely  removed  from  the  blood.  The  platelets  are 
increased.  The  maximum  hydrsemia  after  one  hemorrhage  and  the 
minimum  color-index  are  on  about  the  ninth  day.  There  is  often  a  posl- 
hemorrhagic  lencocytosis.  The  regeneration  of  the  red  blowl-cells  is 
rapid  at  first,  and  then  slower.  This  early  rapid  increase  some  think 
due  to  division  of  the  red  blood-cells  of  the  circulation,  and  in  favor  of 
this  is  the  number  of  the  smalt  cells  and  of  poikilocytes  which  are  so 
soon  found. 

Nucleated  reds  may  appear  sometimes  in  large  numbers,  and  dis- 
appear in  about  one  week.  They  are  chiefly  normoblasts.  Regenera- 
tion sometimes  progresses  in  "  steps"  with  blood  crises  ( see  page  479). 
The  number  of  nucleated  reds  is  often  related  more  to  the  acuteness  of 
the  hemorrhage  than  to  its  severity. 

In  one  case  13.7  per  cent,  myelocytes  were  fonnd,  which  disap- 
peared in  three  days.  In  another  case  of  very  severe  post-hemorrhagic 
anaemia  the  polymorphonuclears  were  free  from  granules. 

An  early  feature  in  the  regeneration  is  the  production  of  many 
large  cells,  in  some  cases  these  being  the  chief  element  of  the  blood 
picture. 

Time  for  Regeneration  after  One  Hemorrhage. — The  table 
given  by  v.  Limbeck  is: 

Blood  loss  of  4.5  ]>cr  cent,  of  body  weight,  thirty  days  to  restore 
loss. 

Blood  loss  of  4  per  cent,  of  Ixidy  weight,  twenty  <lays  to  restore  loss. 

Blood  loss  of  3  per  cent,  of  body  weight,  ten  days  to  restore  loss. 

Blood  loss  of  2  per  cent,  of  body  weight,  eight  days  to  restore  loss. 

But  diis  varies  with  the  age,  nutritional  condition,  diet,  and  ihen- 
peutic  measures,  f irawitz  says  a  loss  of  3  to  4  per  cent,  of  body  weiglit 
requires  fourteen  to  thirty  days:  of  i  to  3  per  cent,,  five  to  fourteen 
days;  a  .slight  loss,  two  to  five  flays. 

Regeneration  is  (|uickcst  in  men  between  twenty  and  fortv  years  of 
age:  slower  in  women,  and  slowest  in  children.  After  the  regenera- 
tion is  complete  there  may  be  even  a  hypercythremia.  Mikulicz  stalfi 
that  it  w;is  unwise  to  operate  In  cases  in  which  tlie  li.-emoglobin  wss 
already  or  probably  would  be  30  per  cent,  after  the  operation.  In  our 
cases,  however,  we  have  operated  with  the  hemoglobin  lower  "itli 
good  results. 

Ill  aiiim.ils  ri'Kencralinn  may  he  nlmnsf  entirely  prevented  hy  feeding  an  Irnn- 
poor  ciiet.  esperially  if  by  previous  liemorrhaces  the  iron  reserve  supply  M  ih( 
body  lias  been  c^hall5tcd — a  very  suggestive  point  in  human  pathology. 
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In  a  case  with  repeated  heinorrliage  following  abortion  (due  to  a 
dnifj,  there  was  no  evidence  of  septic;emia)  tlie  count  cm  adni]S>sion 
was  1.108.000;  haMnoglobm,  18  per  cent.;  Icncocytes.  4625;  tempera- 
ture nomuil. 

In  a  case  of  heniorrhnge  from  a  badly  crushed  arm  and  after 
infusion  the  red  cells  fell  in  thirty-six  hours  from  5,000,000  to  3.000,- 
000.  the  hwnioglobin  from  70  to  50  per  cent.  In  a  case  of  metrorrhagia 
ilie  haitiof>lobin  fell  to  19  per  cent.,  yet  the  patient  recovered;  another 
will)  two  post-partum  hemorrhages  showed  iwn  weeks  i.-jier  11  per 
cent,  hemoglobin,  yet  recovery. 

Among  the  causes  of  this  acute  anasniia  are  traumatic  hemorrhage, 
tubal  pregnancy,  in  which  a  rapid  anxmia  is  a  bad  sign,  abortion 
(sec  above),  uterine  submucous  tumors,  ulcers  of  duodenum  and 
stomach,  tv'phoid  ulcers,  phthisis,  aneurisms,  varicose  veins  of  irsoph- 
agiis,  rectum,  or  lcg:s,  the  hemorrhagic  diatheses,  and  hemorrhagic 
pancreatitis. 

A  c*5«  of  /■urf'Ura  iMrmorrhagka  of  eight  week*'  iluralion  **  wn<  admitted  with 
a  count  of  6<Aooo;  hi-moBlnbin,  17  per  ccm,;  leucocytes,  4000  (mhsII  mono- 
nnclcarit.  75  per  cent.)  At  death  seven  tiays  later  ihe  red  coiiiit  was  48,1,000,  no 
poikilocyitMtif  (lince  loo  aciitef).  no  nucleated  reds,  no  eosinophiks. 

EwiiiK  nietitioiii  a  case  of  three  weeks'  duration  with  repealed  epi»taxi»  and 
a  red  count  of  456,000 

Aiuemia  (rotn  Chronic  Hemorrhage. — The  COndtlions  which  obtain 
here  are  very  different  from  those  following  acute  hcniorrhaKc  By 
chronic  hemorrhage  is  meant  a  succession  of  hemorrhages  at  such 
inlcrvals  that  the  patient  cannot  recover  from  the  one  before  the  next 
loss  of  blood  occurs.  If  the  intervals  are  long  enough  for  cotnplctc 
r^eneratitin  the  conditions  arc  merely  those  of  acute  hemorrhage,  and 
the  amonnt  of  blood  lost  in  the  aggregate  may  be  enonnous,  as  was 
well  seen  in  the  former  days  when  venesection  was  a  common  practice. 
Elirlich  mentions  a  Russian  jihysician  with  pulmonary  tuberculosis, 
vrlio  in  six  and  a  half  months  lost  twenty  kilos  of  blood — thai  is,  four 
iTnes  Ihe  total  amount, — and  yet  recovery  was  perfect.  In  case  the 
intervals  arc  shorter,  even  though  the  total  amount  of  blood  lost  be 
relatively  small,  the  results  are  more  .serious.  Tliis  is  well  seen  in  the 
repeated  small  hemorrhages  from  the  nose.  A  case  with  rqjcalcd 
tpistaxis  iliic  to  telangiectasis  of  ihe  nasal  mucosa  was  admiited  here 
8e\'cral  times,  once  with  red  cells.  2,288.000;  haunoglohin.  18  per  cent. ; 
leucocytes.  2800.  Scurvy,  especially  if  with  much  hemorrhage,  cimses  a 
secoiidarj*  anaemia  sometimes  of  severe  grade  (370.000).  but  usually 
tiKfdcratc  (reds  averaging  from  3.000,000  to  4,000,000).  There  is 
often  a  leiicocytosis  due  to  some  complication,  otherwise  leiicopenia. 
one  case  of  Uiis  clinic  the  red  cells  were  2.200,000:  ha;mog:lobin.  40 

•  Billings.  John*  Hopkin*  Ho»p.  Bull ,  May.  189+ 
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per  cent.;  leucocytes.  2850.     Other  cases  iollow  hemorrhage  trom 

lungs,  iitcrtis,  hciiiorrhoicis,  I'roiii  intestinal  ulcers,  cancer  of  the  swni- 

ach,  intestinal  parasites,  cancers,  etc.     The  severe  anannia  fnjmliiKh 

and  bi<klei)  piles  i;.  now  attracting  much  atteiilioii.*'    After  \mg 

anxmia  the  blood-Uiildiiig  organs  seem  to  lose  their  ability  to  rc^- 

crate  the  blotid,  and  the  picture  becomes  that  of  a  priniarj'  anamis. 

rapidly  fatal  and  witliMiit  any  sign  of  regeneration.     It  is  perlutpitli; 

poor  nnlrition  nf  the  blood-building  organs  resulting  from  the  aii.tma 

which  results  in  the  pathological  direction  of  their  activity  or  liidr 

entire  loss  of  function.     In  other  cases  it  is  merely  the  result  of  the 

chronic  disease  causing  the  hemorrhage.     It,  therefore,  takes  much 

longer  for  the  blood  to  regenerate:  in  one  case  of  hemorrimids  wiihi 

count  uf  2.600.000  it  required  eight  months  to  reach  normal  (  Dirlidi  1 

In  this  form  of  anxniia  the  hy<lr:Emia  is  considerable,  the  spailic 

gravity  is  low.  the  dried  residue  considerably  diminished,     Tlie  red 

count  is  nnich  diminished,  even  to  1.000,000  cells.    The  new  reds  art 

small  and  pale,  and  the  index  low.  0.5  or  even  0.44.  Hie  niiclcatcil 

reds  arc  scanty,  the  platelets  increased.     Sometimes,  but  seldom,  ihe 

picture  is  that  of  a  pernicious  ans-mia.  but  the  patients  usually  'lie 

before  this  picture  is  present,  and  the  index  progressively  lowers  tiniil 

death,  although  fluctuations  often  enough  occur.     The  leucoc)1«  are 

increased  at  first  while  the  reaction  to  the  hemorrhage  is  active,  am! 

then  with  the  pcniicious  an-rmia  Icticopcnia  results.    It  seems  thai  ilif 

loss  of  albumin  is  the  most  important  element,  and  that  upon  which  alt 

other  fwuures  depend. 

Blood  Poisons. — These  may  cause  ana^mia  by  shortening  the  lif* 

perio<l  of  the  individual  corpuscles.    But  since  there  is  normally  a  good 

recu])cralivc  i>owcr,  the  poison  must  be  severe,  or  if  sliglit  conlitiW 

for  a  long  time,  to  have  a  marked  result.    Such  |ioisons  are  prodwwl 

in  many  infectious  diseases,  especially  the  scpticarmias.  scarlet  fevtr 

and  lues;  chronic  poisons,  as  lead,  arsenic,  and  mercitry;  the  toxincso' 

intestinal  parasites,  as  Boihrioccpbalus  latus;    those  arising  in  llit 

hitesitne  as  the  result  nf  decomposition  of  the  intestinal  contents  and 

in  constipation;  the  toxine  of  malignant  tumors;  all   these  cause 

ana-mia. 

The  cFFcci  of  these  poisons  is  lometimM  Ken  in  the  red  Mood-celU  in  i!" 
circulation,  the  variou*  degenerations,  and  the  liirntuKlobinvniix  (plaimolyut) 
Otiier  losinei  are  iIiomkIh  not  10  injure  the  cells  in  the  irirculmion.  but  to  rauit  i" 
Increased  activity  on  the  pan  of  the  blood- de«roy ins  orfiiins.  the  li«r.  the  sple* 
and  ilie  marrow,  wiihoui  any  hx-moeloblna-inja.  One  of  the  best  illuitTationi  rf 
the  effects  of  inch  a  luppoied  toxine  Is  hxmHinchroniatnsis.  *itli  ibe  dcfiuution  of 
so  much  tri)ii-eoiiiaininj[  piiimem.  The  probability  ii  that  ilwre  ha*  ttcen  a  chetric*' 
( plasmotropic )  change  in  the  protoplatm  of  the  cells  which  single*  tli«Ri  out  tbu* 
for  destruction.  Some  poisons  arc  tbuughi  to  be  purely  plasniolroptc.  as  Iv 
lasiancc.  lead,  the  toxine  of  cancer,  of  ccrlnjn  bacteria,  and  of  plo«iiftinej     Otbtn 

"  See  Herriek,  Jour.  Am,  Med.  Assoc..  September.  igt>3. 
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■  small  4o*et  arc  pbimoiropic  in  larger  doiici  pkimolytic :  in  oth«T  casci  llic 
tatmU  it  thouglil  to  ilepend  on  the  great  diflcrencu  in  resistance  of  the  red* 
IGnwiti). 

AnamU  of  Inv^tloa;  the  Annmla  of  th*   Poor. — lliis  form  is  con- 
adcrcd  by  some  as  a  simple  primary  ananuia,  by  olhcrs  as  a  sccomlary 
Biutmia  but  due  lo  a  variety  oi  concurring  factors  thtr  relative  iinpor- 
tatice  of  which  caimot  be  npportiuiie*!.  such  a:«  poor  food,  lack  of  sun- 
light, liad  air,  worry,  and  overwork. 

Starvation  alone  will  not  cause  anxniia;  that  is,  not  qualitative 
ihanges  in  the  blood,  but  animal  experiments  as  well  as  clinical  obser- 
ations  have  shown  that  there  is  a  true  ana;mia,  that  is  a  <limimition 
the  total  volume  of  blood  which  runs  parallel  to  the  loss  of  weight, 
lie  blood  picture  of  anarmia  begins  with  the  regeneration,  since  with 
Hhc  improvement  in  condition  the  blooil  does  not  keep  pace  with  the 
gain  of  the  other  organs,  and  hence  is  diluted.  The  blood  of  Cctti,  who 
farted  ten  days,  showed  a  rise  in  the  red  blood-cells  of  one  million,  a 
'Slight  fall  ill  the  hemoglobin,  while  the  leucocytes  fell  from  12.000  to 
[4200.  Others  iGrawitz)  consider  that  in  some  cases  there  is  not 
[simple  atro])by  of  the  total  bl(K)d.  but  a  loss  of  albumin  of  the  plasma, 
iheiice  a  tnie  nnxmia.  This  is  more  evident  if  tlie  days  of  fasting  are 
'alternated  with  <Iays  of  slight  nourishment,  since  the  partial  restoration 
.of  volume  graphically  becomes  apparent.  This  is  well  seen  in  typhoid 
fever  during  the  fourth  week,  in  which  case  there  Is  a  rapid  fall  in  the 
'  b!oo<l-couiit 

Poor  ifooD  is  an  important  cause  of  chronic  ansmia  of  the  purely 
[hypoplastic  form  ( Inimerinann).    This  an,-emia  is  of  the  purest  type, 
I  since  it  is  due  to  insufficiency  of  lilood  formation.    It  is  not  so  much 
'the  <|uanlity  as  the  (|uality  of  the  fond  which  is  of  importance,  and 
unfortunately  for  the  poor  the  most  important  foods,  those  containing 
!  iron,  arc  the  most  expensive.    These  eases  are  met  with  particularly  in 
'those  European  countries  where  the  diet  of  the  poor  consists  of  bread, 
I  potatoes,  and  other  cheap  food  of  similar  nature.     In  this  country, 
I  where  there  is  by  no  means  such  a  large  class  of  poor  on  stich  miserable 
■  diet,  the  trouble  is  not  so  much  the  quality  of  the  fond  as  its  prepara- 
tion, gooil  meat  and  vegetables  being  rendered  indigestible  by  prepara- 
tion in  the  frying-pan.    In  addition  to  this  must  be  included  the  htirry 
in  eating  and  the  insufficient  mastication  of  the  fond,  which  is  a  com- 
nK>n  sin  in  all  grades  of  society.     Bunge's  cx|»erinicnts  have  shown 
tlhal  a  diet  ixjor  in  iron  causes  anwmia  in  a  growing  child,  and  yet  it 
I  camiot  be  the  lack  of  iron  alone,  since  even  the  poorest  foo<Is  have 
1  sulTicicnt  of  this  melal  lo  replace  the  acttial  loss  on  the  part  of  the 
modjr.     With  a  truly  noti-proteid  diet  the  effect  on  the  blood  can  be 
'  demonstrated  at  the  end  of  six  or  eight  days,  the  first  effect  being  a 
slight  bydr.'emia.  later  the  changes  in  the  red  bluod-cells,  which  SEd 
probably  secondary  to  the  former.  ^^H 
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Those  living  in  dark  houses  are  very  apt  to  be  anaemic.  This  is  not 
due  alone  to  the  lack  of  sunlight,  since  haemoglobin  is  not  exaclly 
comparable  to  chlorophyll,  as  the  illustrations  given  by  Ehrlich  show; 
the  horses  which  for  from  ten  to  twenty-four  years  are  kept  at  \\x 
bottom  of  mines  in  Germany  without  seeing  sunlight  have  normal 
blood;  the  members  of  Nansen's  Polar  Expedition  remained  for  one 
'  hundred  and  forty  to  one  hundred  and  fifty  days  without  sunlight,  and 
yet  were  healthy  since  the  other  causes  of  anxmia  were  ehminaied. 
Although  sunlight  may  not  be  so  important  for  the  adult,  yet  it  has 
been  shown  to  be  important  for  the  growing  organism  (Schonen- 
berger). 

To  live  constantly  in  an  atmosphere  of  bad  air  also  seems  to  pre- 
dispose one  to  anaemia  and  an  excess  of  carbon  dioxide  is  cited  as  the 
real  cause,  and  yet  the  real  relation  of  this  single  factor  to  anxmia  it  is 
difficult  to  determine. 

In  review  it  may  be  said  that  these  factors  all  combine  to  cause  the 
anaemia  of  the  poor,  and  yet  of  them  all  overwork  and  worry,  with 
their  serious  influence  upon  digestion  and  the  nervous  system,  are 
probably  the  most  important ;  hence  it  is  that  "  anaemia  of  the  poor"  is 
really  a  misnomer,  for  the  rich  also  suffer  from  disturbances  of  the 
gastro-intestinal  tract  which  render  their  food  almost  as  little  nour- 
ishing, and  worry  is  perhaps  more  their  lot  than  that  of  the  poor; 
hence  it  is  that  anaemia  is  perhaps  quite  as  common  among  them. 

There  is  a  group  of  cases  wo  diagnosed  as  secondary  ansmia  for  which  no  onf 
cause  can  be  assigneci.  The  great  niajorily  were  women;  the  red  cells  shoKed  i 
mean  of  about  3,000,000  (2,100,000  to  .1.900,000};  haemoglobin,  .-jo  to  50  per  cenl.: 
leucocytes,  about  normal.     Such  ca.ses  improve  rapidly  in  the  ward. 

As  has  been  said,  one  of  the  most  important  hiematopoietic  organs 
is  the  intesliiKil  wall,  the  source  of  supplies  for  the  plasma,  hence  indi- 
rectly for  the  cells. 

Gastro-intiistinal  distl'rbances  are  some  of  the  most  inipir- 
lant  causes  of  secondary  anaemia,  and  perhaps  of  many  cases  in  whicb 
the  intestinal  feature  is  uverlooked. 

In  our  cases  of  sd'crc  diarrlura  in  men.  in  60  per  cent,  the  red  coiinl 
was  not  above  4,000.000;  in  women  the  counts  ran  higher.  The  real 
anemia  must  have  been  more  pronounced  than  this,  for  in  some  ca«e= 
the  blood  was  probably  concentrated  by  the  loss  of  fluid  (one  case  with 
7,900.000). 

The  leucocytes  ran  low  (even  to  2700  and  2500)  in  some  cases,  but 
above  10.000  in  30  per  cent,  of  all. 

Cabot  mentions  a  case  with  [.92S.000  reds,  another  with  2.440.000 
and  10  per  cent,  haemoglobin. 

In  chronic  dyscutcry  the  count  is  high  or  low.     One  case  had 
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1.520.000  red  cells.  anotIi«r  2,500,000.  On  the  otlier  hand,  on«  (male) 
luii  7,000.000  re<ls.  110  per  ceiil,  li;emoglobiii.  and  7000  leucocytes, 
and  one  (a  woman)  6,300,000  reds. 

In  chronic  coiislif>ation  our  cases  showed  normal  or  Iiigli  counts,  as 
would  Iw  expcctwi. 

Our  cases  of  dUated  stomach  showed  nothing  abnormal  as  regards 
t]ie  leucocytes;  for  the  most  part  the  red  count  fell  within  numia! 
lUnii-s.  bill  four  showed  considerable  anxniia  (3,300.000.  2,400,000. 
2,250.000  and  2,600,000).  Those  cases  wicli  the  vomiting  of  l.irge 
amounts  of  fluid  should  have  a  cuncentrated  bhxid;  all  severe  ca^vs 
would  be  expected  to  show  some  anaemia  of  malnutrition. 

Acule  gastritis  during  the  febrile  period  shows  a  slight  leucocytosis, 
true  of  70  per  cent,  of  our  cases  of  gastro-enteritis.  .\  sliglit  leucocy- 
tosis  is  also  common  in  cliroiiic  gastritis,  except  the  alcoholic  fonn  in 
which  cases  the  counts  may  be  quite  low. 

One  case  of  chronic  ilysf^cf'sia  had  a  count  of  red  cells,  1.960,000: 
hsentoglobin.  42  |)er  cent,  (index  i.i);  leucficytes,  3600  (of  which 
s.  monas.,  1 1 .3  per  cent. ;  I.  monos.  and  tr.,  0.3  per  cent. ;  pmn.  n..  85.6 
percent.;  cos..  2.6:  normoblast*.  2  per  100  leucocytes). 

In  ulcerative  colitis  counts  below  3,000,000  are  not  rare. 

In  amoebic  dysentery  one  would  expect  the  count  to  be  little  af- 
fected since  tile  intestinal  lesion  is  so  local,  and  severe  ana-inia  is  rare. 
yet  in  24  per  cent,  there  was  a  slight  (4,000,000  to  4.$oox)Oo),  and  in 
12  per  cent,  a  more  severe  (2,200,000  to  4.000,000)  anxmia.  A  leu- 
cocytosis  was  the  rule  (  70  per  cent,  of  cases)  at  some  time  during  the 
disease,  the  highest  count  being  19.200.  Futcher**  found  the  general 
average  of  forty-three  cases  about  10,000.  In  children  .'Vmbcrg  found 
an  eosinophilia. 

Atuemis  of  the  Tropics, — Ii  h  said  that  Europnnt  afttr  a  i\Ay  of  mmhc  lime 
in  (he  Tropica  stem  anicmic.  Some  consider  thU  only  apparent,  and  due  to  the 
dtilinbuliun  o(  the  bloud.  The  preseiiee  of  baiopliile  K  ran  illations  in  ihe  red  blood- 
cell*.  *eeii  soon  »Iler  the  nrrivnl  there,  and  which  were  fir«  dcwribcd  ai  related 
lu  nulana.  would  seem  to  indicate  ao  injury  to  these  ceils  There  «re  several 
troiiicul  diiea«es,  important  caUM:ii  of  anxmia,  which  only  now  are  we  beginning 
to  under«tand.    These  inHy  explain  Minie  of  the  above  cs«e«. 

Chronic  Infectious  Diseases. — Of  tliese  there  are  tlircc  which  are 
most  potent  causes  ai  an;cinia. — lues,  tuberculosis,  and  leprosy.  While 
the  toxinc  of  the  diM-a^t  may  l»e  the  most  imiwrtant  element,  yet  the 
nutritional  condition,  especially  the  condition  of  the  gasiro-intcstinal 
canal,  the  lack  of  exercise,  and  hemorrhages  must  also  Iw  inchide^l. 

There  is  a  great  difference  in  toxines :  in  acute  miliary  tuberculosis 
without  cyanosis,  one  of  the  worst  septicaanias,  there  is  little  V 
of  blood  destruction  ( see  page  S^)- 
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Anxniia  is  a  commui)  result  of  [>tis  formation,  and  is  duebolblo 
ilie  toxines  from  the  pyogenic  organisms  and  to  al)«uq)tion  from  the 
pus  locus  of  brcakinK-'Juwii  tissue,  and  pmlxiWy  also  to  the  over-tua> 
lion  of  the  blood-building  organs.  The  same  is  tnie  in  diseases  ftilh 
chronic  cxudf.ti'  formation.  Albumimtria  is  frcquenlly  cit«d  as  ihc 
cause  ui  auicmia,  ami  yet  the  actual  daily  loss  uf  j>roleid  to  Ihe  U^"l- 
plasnia  even  in  a  severe  case  is  very  sliglit,  ami  couW  easiiy  \k  rcphcfJ 
by  one  good  meal.  The  poor  canditiun  of  the  digestive  canal  of  w- 
pjiritics  is  also  important,  but  surely  there  is  some  toxine  which  has  a 
deleterious  effect  upon  the  lilnocl,  as  well  as  it  surely  does  on  the  rKl 
of  the  body  function?.  Dieballa  has  found  a  definite  relation  between 
the  albuminuria  and  the  hydr:emia. 

Spermatorrhwa,  lactnrrlttra.  and  diseases  of  the  respiratory  or^ns 
with  a  large  aiitounf  of  sfmlitw  are  further  causes,  Yel  cases  willi 
chronic  purulent  exudate  formation  inatniain  their  blond  condition  sur- 
prisingly well,  considering  the  drain  there  i*  <<n  the  blood,  as  in  can 
of  chronic  bronchitis  and  tuberculous  abscess  (see  page  564),  In  al! 
such  cases  it  is  the  plasma  which  sufTcrs  first,  the  red  liIoo<l-cclls  second, 

In  cases  with  marasmus  there  is  an  atrophy  of  the  total  bkxxl  which 
may  cover  an  an-ncniia,  xvliile  iu  other  cases  the  anieiiiia  may  Iw  more 
apparent  than  real,  since  there  is  a  dilution  of  the  plasma.  At  this  po;nt 
also  may  be  mentioned  the  dilution  of  the  hlood  from  the  aljsori»tion  of 
effusions  or  other  retained  fluids.  On  the  whole,  the  regulation  of  the 
blood  is  simply  wonderful;  for  instance,  after  the  removal  of  even 
seven  litres  of  ascitic  fluid  at  one  time  and  its  rapid  reaccumnlation  the 
blood  will  show  very  little  evidence  of  this  enormous  flux  of  fluid 
through  the  blood-vessels. 

Fev«r  is  stated  to  be  an  important  cause  of  aUcTmia.  and  yet  it 
is  not  the  elevated  temperature  but  the  toxines  which  cause  the  ri« 
which  also  destroy  the  red  cells,  as  evidenced  by  the  increased  hydro- 
bilinuria.  Most  important  arc  those  cases  of  chronic  cryptic  septi- 
caemia which  for  weeks  may  present  the  picture  of  sc%'erc  an»mia 
without  any  suspicion  as  to  the  true  nature  of  the  trouble.  On  the 
other  hand,  acute  infections  will  cause  a  rapid  fall  in  the  blood-count 
as  for  instance  Grawitx's  case  of  streptococcus  septicemia,  in  which  in 
a  little  o\-cr  one  day  the  reds  fell  from  normal  to  300,000. 

A  recent  case  of  arthritis  of  unknown  cause,  but  with  blood-ciilttires 
negative,  had  a  count  which  fell  to.  red  cells  976.000;  haetiioglobin,  17 
per  cent. ;  leucocjtcs,  4600.    He  improved  rapidly. 

In  y«Uow  lever  considerable  anannia  is  found,  in  one  case  the  count 
being  ^.604,000.  in  another  1.400.500  (Manrel). 

Pneumonia,  diphtheria,  scarlet  fever,  typhoid,  acute  articular  rheu- 
matism, smallpox.  seplic»niia.  and  other  acute  infectious  diseases  may 
cause  a  severe  anaimia.    The  reader  is  referred  to  the  various  sections 
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in  these  diseases.  In  all  cases,  for  llie  first  few  days  at  least,  there  may 
V  no  diminution  in  the  red  blood -count,  even  a  hypercylhsniia  due  to 
he  concentration  of  the  blootl.  seen  best  in  rh|)hthcria  and  typhoid 
ever,  and  which  may  cover  a  real  anarmia.  The  rapid  fall  in  the  couiu 
h'htch  coincs  dnring  convalescence  or  at  the  time  of  the  crisis,  as  in 
neunionia,  is  probably  more  apparent  than  real,  and  due  to  dihition  of 
le  blood  resulting  from  the  general  vasomotor  relaxation  at  thai  time 
Grawitx) ;  hut  the  toxine  of  the  infecting  organisms  may  also  be 
nportant  by  causing  hemolysis. 

In  many  eases  there  is  a  drop  in  the  count,  but  the  quantitative 
flanges  arc  remarkably  slight;  only  in  very  severe  cases  arc  micro- 
ytcs.  macrocjtes  or  ijoikilocytes  jiresent.  Hydncniia  is  the  rule,  the 
jss  of  albumin  running  parallel  to  the  severity  of  the  disease,  and  in 
DvcTc  cTScs  reaching  even  6.25  gms.  of  residue  to  too  cc.  of  blood. 

iniestinal  Parasites, —  Of  these  there  are  two  famous  as  causes  of 
namtia. 

Uncinaria  Dl'ouenale  et  Americana. — Historically  tins  form 
if  an.'emia  is  most  interesting,  since  the  cases  of  miners'  and  tunnel 
liggcrs'  anxmia  due  to  this  pamsitc  were  first  mtcd  as  primary  per- 
licious  ansemia.  at  a  time  before  the  distinctive  blood-features  of  the 
irimary  and  secondary  annsniias  were  understood:  now  it  is  claime<l 
he  picture  can  rarely  simulate  the  pernicious  tj^pc.  This  parasite 
>ccurs  in  many  different  countries  and  bids  fair  to  prove  to  have 
»een  one  of  the  most  important  causes  of  anemia;  it  is  now  thought 
o  be  in  this  country  the  chief  cause  of  the  "  ansmia  of  the  South."  Our 
me  marked  case  during  the  past  five  years  had  a  count  of  red  cells  of 
1.424.000:  h.Tmoglnhin,  32  per  cent.;  leucocytes,  9700:  eosinophiles. 
;.6  per  cent.;  hut  in  some  epidemics  the  count  falls  lictow  i,ooo,cxx) 
«lls. 

The  cause  ot  the  an*mia  i*  dlspuied  That  it  resembles  one  due  to  hsetnor- 
hiRC  rather  than  tu  a  luxinc  i«  ^cen  from  llic  niiialt  amoiim  of  iron  in  tlic  liver,  it 
cing  diminished  even  to  onc-qunncr  its  normal  amotmi,  to  the  absence  of  a  leuco- 
y(i»ls,  and  ilic  very  low  color-iadcx. 

In  our  three  cases  of  stroxCiVloides  istestinaus  infection  tlie 
Jood  showed :  red  cells  5.420,000,  h.-emogohiii.  82  per  cent..  leucocytes, 
taoo;  3,560.00,  57  per  cent.,  21.500:  and  hremoglohin,  60  per  cent., 
eucocjics,  7500,  rcs|)eclively. 

BoTiiRiocEniALUS  Lati.'s. — This  parasite  is  the  cause  of  a  most 
ntcrcstiiig  ansemia.  It  is  a  laiic-worm  which  may  live  for  years  in  the 
nlestine  of  a  jjcrson  whose  blood  is  normal,  and  yet  in  other  cases 
ause  the  most  severe  anjeniia,  the  almost  exact  picture,  boih  ([uantita- 
ivdy  and  qualitatively,  of  the  primary  pernicious  type,  but  which 
ecovers  after  the  wonii  has  been  expelled.  In  Lichtheim's  case  the 
ed  Wood-corpuscles  were  jtxj.ooti:    h.-cmoglobin.  20  per  cent.;    six 
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womis  were  expelled.  In  Scliapiros  case  the  coimt  was  837.000. iitj 
ill  twciuy-llircc  days  after  ili«  worm  was  expelled,  '.975.1x10.  Be- 
zaii<;on  and  Labbc  give  as  llic  average  of  reds  i.joo.ooo.  ami  the  limlu 
from  395.000  to  2,150.000:  those  of  the  color-iiidex  0.9  and  i,6j. 
All  the  flegeiieratioiis  and  oilier  signs  of  a  severe  primant-  an»mis. 
potkilocjtes,  microcytcs,  macrocytcs,  the  |)olychroniatopliilic  "Icgcncn- 
lion.  etc..  arc  present.  Even  one-half  the  nucleated  reds  are  m^ito- 
blasts,  and  yet  i»  two  weeks  after  the  worm  has  been  expelled  ilie 
nicgaloblasts  .ill  disappear,  and  in  three  weeks  the  nicgalocjlic  hbxl 
rctiiniB  to  normal  type,  with  even  normoblasts  gone.  The  leucocyw 
are  noriiial  Imih  (|nantilatively  and  qualitatively.  They  vary  from 
3000  lo  i2,o(K>  (Schanmann). 

The  rtflson  for  thin  anieniia  h  unknown,  and  yet  when  it  do«*  occur  h  it 
probably  due  10  a  loxine.  li  it  not  a  loss  o(  blood;  il  b  not  the  prtutKt  of  iBf 
worm  alone.  lincc  but  i6  per  ccni.  of  the  hoils  of  this  wonn  arc  anaMntc  AAtMtj 
says  it  is  tile  lime  ihat  tlic  worm  is  in  the  inieitinei  but  e^en  this  doe»  not  bol4 
aitd  some  CA)>ei  arc  hoiis  twcniyyc.it*  before  the  an.-cniia  begins  Scluumann  tiriihi- 
MXCs  the  preditpositioii  of  the  palieiit  DHiio  sayt  it  is  ihc  condition  ni  the  aoiniii 
only  those  worm*  which  arc  ilisca^cd  or  dead  causing  tlie  troiibic:  l)«l  lli«  dimut) 
of  the  wonn  are  nut  always  evident,  and  there  arc  cases  with  a  manifettly  intti- 
erated  worm  liut  no  an«min.  Again,  in  olhcr  cases  after  the  worm  is  cxpellnl  ilw 
anemia  is  not  cured;  pcrliaps  the  ability  (or  recovery  ha>  been  lost  In  ibit 
snRmia  the  iron  of  ihc  liver  hat  been  (nund  even  twice  nnnnal  in  amoiml.  ohidi 
would  indicate  an  inira\a»cular  desiruclion  of  the  red  blood-cells.  The  wtot- 
index  is  above  normal. 

Other  intestinal  parasites,  Ticnia  saginata  and  solcum,  Sirongy- 
loidcs  intestinalis,  in  which  counts  as  low  as  760.000  have  been  reportcl 
(diarrhoKi  of  Cochin  Giina),  Ascaris  lumhricoidcs,  are  claimed,  as 
occasional  causes  of  ana:iiiia.  but  the  connection  is  as  yet  unsatis- 
factory. 

Poisons. — ^Lead.  mercury,  arsenic,  certain  organic  poisons,  plant 
and  animal  toxines.  ptomaines,  and  the  toxtnes  of  bums,  all  may  c<imt 
aniunia.  Lead  is  an  especially  potent  cause,  lioth  of  the  acute  and 
chronic  fonns.  While  it  is  csscnti-illy  a  chlorotic  anscmia.  ntaiiifested 
first  by  the  degenerations  of  the  red  blood-cells,  their  count  being  prac- 
tically normal,  it  may  be  so  severe  that  the  cotint  is  reduced  to  even 
1.300.000.  Malassez  says  that  there  is  a  slight  increase  of  diameter  in 
the  reds,  their  rigidity  is  increased,  and  that  niegaloblasts  soitKlimei 
occur.  Tlie  liasophile  granules  are  very  commrm  ami  important  (See 
page  447).  Whether  the  action  of  lead  is  directly  upon  ihc  cells  of 
upon  the  plasma  first  is  uncertain,  while  some  think  this  aiifcniia  due  to 
gastro-inlestinal  disturbances. 

Wc  have  had  during  the  paii  few  yeat»  17  ca-tes.  In  16  ca«ei  ilic  lowcM  wtt 
3.900uDoti:  in  7  cBsct  the  red  count  wa*  over  j.joo.000:  the  mean.  4.300^000.  Hxnw- 
globin.  lowest.  j8  per  cent,;  mean.  6a  per  cent.  In  10  of  16  case*  the  Irucocjitf 
were  above  10.000.  maximum  25,000,  but  fell  very  toon  after  admission. 
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^T_ong-coniiniieii  use  of  fcruin  of  (he  coal-tar  products  causes  a 
e\-ere  anamtia.  Stciigcl  and  W' hitc  "^  report  a  most  interesting  case, 
woman  with  reds  2,092.000;  hannoglobin,  35  per  cent.;  leucycyles, 
9,800  (a  previoHS  coiiiil).  and  3J.323  nucl«nted  reds  per  cubic  niilli- 
leire.  of  which  91.4  per  cent  were  nomiohlasts.  3.5  per  cent,  nii^alo- 
lasu  and  5.3  per  cent,  free  nuclei.  The  platelets  were  increased.  There 
'cre  many  |X)il<ilocytes,  a  few  basopliilc  grannies,  and  considerable 
olychromatophilic  degeneration.  It  i.s  interesting  ih.'it  the  ili.ignosis 
f  this  poisoning  was  made  from  the  appearance  of  the  smear  alone, 
espite  the  repeated  assertions  of  the  woman  of  the  impossibility.  It 
,-as  found  to  follow  the  use  of  acctanilidc.  llicy  mention  Ehrlich 
nd  Lindcnthal's  case  with  nucleated  reds  in  the  proportion  of  1  :  56 
f  the  red  cells.     In  Brown's  case  of  acetanilide  poisoning  "*  at  death 

rreds  were  i.iOf^i.ooo,  and  ihe  nuclcitcd  reds  22,150  per  cu.  m.ni. 
Splenic  Anxmia  is  the  name  given  to  a  group  of  cases  with  anxmia 
iwl  i<liopaihic  enlargcnieni  of  the  spleen.  The  anaemia  is  of  the  sec- 
md-iry  type,  the  average  of  Osier's  cases  being  over  3.000,000;  (here 
s  no  leucocytosis,  or  a  reduced  count.  Such  cases  have  profuse  hcmor- 
liage  from  the  stomach  and  a-sophageal  varices,  In  one  case  in  Osier's 
leries  the  macrocyles  and  giganloblasis  were  a  marked  feature  of  the 
ase.*» 

Simple  Primary  Anaemia. — Tliis  funri.  which  some  separate  from 
jrimary  pernicious  anmnia  because  of  the  differences  in  the  clinical 
XMirse,  is  also  hard  to  separate  from  those  secondary  anxmias  already 
nentioned  as  due  to  unhygienic  conditions,  poor  food,  hard  work, 
mjrry,  etc.  It  is  a  severe  primary  an.'eiuia.  characterized  by  the 
lumber  of  relapses,  ending  finally,  however,  in  death.  This  type  can 
re  reco^ized  only  when  the  case  is  typical.  It  seems  to  stand  nii<lway 
jetwecn  chlorosis  and  primary  pernicious  an:cniia.  some  cases  differing 
;rom  the  foniier  only  in  the  age  of  the  patient,  others  presenting 
nany  features  of  the  latter,  and  between  them  every  gradation.  Mid- 
vay  between  these  extremes  is  a  group  of  cases  vvitli  oligocythemia 
ind  oligochromseinia  of  about  equal  grade,  and  leucocytes  normal  lioth 
loantilalivcly  and  quaiitatively. 

Progressive  Pernicious  Anamia.— Eichorst's  definition  of  this  was 
1  severe  anarmia  which  in  spite  of  all  treatment  progresses  relentlessly 
n  death.  Pathologically,  ihere  is  no  lesion  of  etiology.  The  blood 
Ncture  alone  is  not  characteristic,  for  several  varieties  of  secondary 
ituemia  may  assume  a  somewh.it  similar  picture — "  secondary  perni- 
dotis  .inannia."  .■Xnd  yet  the  blood  picture  is  so  striking  that  the  word 
"  primary  j>enitcious"  now  carries  with  it  an  it 

"  Contrilj.  of  ilic  Wtn,  Ptppcr  Laborslivry  of 
•.\meT.  Jour,  Med  Sd..  1901.  vol.  cxxL 
'0«ler,  Am.  Juur.  Med  Sci,,  January.  19OO 
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a^  well  ns  its  clinical  and  juchological  significance.  As  illustratiomt)! 
secondary  perniciuus  aiuemia  arc  certain  cases  of  cancer,  i)lnhi<ig,  luo, 
malaria.  re])eate<i  lieinorrhage.  lend  poisoning,  certain  parasites,  lesiont 
of  ihc  lK>nc-marrow,  especially  tumcjrs.  also  osieoniyelitis,  airojdiv  m' 
tlic  gastric  mucosa,  stniosis  of  the  pylurus,  nejiliritis.  certain  rare  ci*.-* 
of  pregnancy,  and  purpura  liieniorrliagica.  In  all  the  above  cases  ihen 
is  a  long  history  of  ana;niia -producing  agencies,  ami  this  picture  mat 
represent  tlic  final  stage,  an  almost  complete  liankuiptcy  of  the  Wi-od- 
building  functions,  ur  the  conditions  may  occur  simultaneously. 

The  salient  characteristics  of  the  hlnod  of  primary  pcmiciiiui 
aiiicmia  arc:  Signs  of  rapid  hlood  destruction  ( the  degencraioi  redi, 
ciidoglobular  degenerations,  polychroma  tophi  Ha,  the  urobiliiiuria, 
jaundice,  the  increased  iron  compounds  (?)  in  the  serum  and  the  cur- 
puscles,  and  the  increase  of  iron  stored  in  the  liver  and  spleen);  the 
poikilocytosis,  a  high  color-index,  and  the  megalohlastic  Wood  fomta- 
tion.  Ax  first  the  poikilocytosis  was  sup|K>sed  lo  be  charancnsiic 
(Quincke) :  this  idea  was  very  soon  corrected.  Then  the  high  olnr- 
indcx  ( Laache  and  Kahlcr) ,  which  some  even  now  hold.  A  higli-color 
index  may  occur  in  chronic  cases  of  secondary  ana-niias  wtlh  a  very 
low  blood  count,  but  it  is  a  very  striking  feature  in  all  the  prinian' 
cases.  Ehrlich  considered  that  mcgaloblasts  were  characteristic,  but 
tliis  also  is  not  strictly  tiue.  although  they  occur  especially  here. 

Volume  of  itie  Blood.  — (."linically  there  is  no  way  of  delerminiiig 
the  volume  of  the  blixxl,  yet  from  the  appearance  of  the  patient  we  arc 
often  sure  it  is  diminished,  and  at  the  autopsy  table  are  soineiime* 
astonished  at  the  small  amount  of  blood  in  the  heart  .ind  blo(«t-vcssek 
We  saw  one  remarkable  case  in  Professor  Midler's  clinic,  in  which  ill 
tile  organs  seemed  almost  exsanguine. 

Gross  Appearances. — The  ear  is  a  heitcT  place  to  obtain  the  drnp  "f 
blood  than  is  the  finger.  It  may  flow  freely,  or  it  may  lie  difficult  tii 
get  any.  Lazarus  considers  that  the  fonner  occurs  when  the  patient 
is  doing  badly,  and  that  the  latter  is  evidence  of  improvement, 

The  blood  ts  pale,  of  a  light  red  watery  color  (Fleischwasser).  ami 
does  not  at  all  resemble  blood. 

We  showed  a  wbe  lull  of  iliii  blood  lo  a  cla"  on  one  occniion.  asking  rlitm 
to  tell  from  its  nitpeariincc  alone  uhst  tliitd  it  wat,  and  tnany  o(  ihcm  said  il  •>)' 
a  cloudy  urine,  which,  indeed,  it  did  reiemble 

The  drop  of  blood  i%  often  streaked,  evidence  that  the  corjHisclo 
have  collected  in  masses.  Cases  have  been  described  in  which  it  is 
grossly  of  a  coffee-color,  probably  due  to  IiaMiioglobiiia'niia.  Tlit 
coagulation  time  is.  often  increased. 

Red  BIood-Cel1».^In  the  fresh  specimen  these  are  seen  to  lie  few  in 
number,  and  there  is  absence  of  rouleaux  formation.    The  cells  vary 
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rradi  in  size:  many  arc  slightly  airavc  normal,  some  vcrj-  large;  many 
re  small,  some  very  small.  The  cells  do  nut  many  uf  them  show 
[aragliano's  eiidaglobiilar  degeneration,  but  do  that  other  degenera- 
on,  the  accumulation  of  the  hemoglobin  in  the  centre  of  the  cell; 
ost  are  of  a  uniform  dark  color.    Nucleated  reds  will  often  be  foimd 

(he  fresh  specimen.     In  a  well-marked  case  the  appearance  of  the 
esh  specimen  alone  will  strongly  snggest  this  disease.    One  h.i8  only 

Compare  it  with  a  specimen  of  normal  blood,  and  the  diflfcrencc  is 
ritcing. 

Count. — An  extreme  otigocytii;eniia  i.t  the  rule,  and  it  is  remark- 
»Ie  Iiow  few  sjTiipioms  accompany  these  low  counts,  particularly  as 
c  volume  of  blood  is  aUo  diminished.  On  the  first  visit  the  average 
.ses  will  show  a  count  of  about  i.ooo.ooo  cells.  Cabot's  average  was 
200,000. 

In  our  catM  in  the  102  ndmif«ion»  twvrra]  of  the  81  ca!>»  being;  admitted  more 
an  once)  tile  average  fini  bluod-couni  was  1.575,000,  Thiii  it  Mnnewhat  higher 
an  that  which  other  oliserver«  have  rcporicd.  and  i^  iltie  10  the  fact  that  we  lud 
vera)  catei  admitted  nut  for  ihe  lymplomn  oE  pernicious  ana;mia  alone,  but  (rvm 
Icndani  conditions,  for  instance,  for  nervous  disorders.  [ii  81  per  cent,  of  ouf 
\%a  the  count  on   admiMton    wai  under  ^.000.000  and   in    ti  per  cciit.   under 

The  count  may  go  as  low  as  500.000,  and  yet  the  man  remain  com- 
)rtably  at  work,  while  others  with  four  times  the  count  suffer;  evi- 
ence  that  the  reason  for  the  symptoms  is  not  alone  the  oligocythxmia. 
abot  thinks  that  the  counts  tend  to  stick  at  about  1.000,000  cells. 
popping  rapidly  to  this  point  aiul  remaining  there,  then  sometimes  in 
nprovement  gaining  rapidly  to  about  3.ooo,ooi»:  l,iicr  to  return  to 
liout  this  same  figure.  The  coimt  may  remain  stationary  for  some 
me.  or  it  may  diminish  progressively  until  death.  Quincke  reported 
ne  case  with  a  blood-count  of  143,000.  and  yet  recovery.  Haycm's 
iwest  case  was  292,000.  a  fatal  case.  Scott's  case  had  at  death  268,- 
DO  reds;   index.  2;   leticocytes.  5900.'" 

After  admission  the  count  may  continue  to  drop  for  a  while,  then 
>  rise,  or  it  rises  at  once,  or  it  remains  stationary. 

It  cannot  Ijc  too  often  emphasized  that  a  change  in  oiint  may  mean 
change  in  the  total  number  of  red  cells  or  a  change  in  the  volume  of 
asmn. 

Ab  iiitrre<iirig  fact  already  notei!  is  that  clinical  syrnploms  *eein  to  liear  no 
btittn  to  the  red  bliKid-ccIt  count,    Certain  rnscs  enter  the  hospital  with  a  few  symp- 
m»  and  a  blood-cftuni  of  1,500.000.  while  other  ca*e5  are  appatcnily  in  no  un- 
ndition  and  yci  have  a  count  lielow   i.ocoiooo.     The  ei'>mp.ira[ive  cotnfor< 
ynical  strength  of  »uch  p.itients  i»  in  marked  eontta't  to  ea»c«  of  chlorr 
condary  anoMnia*.  which  case*  enter  the  ho<i>ilal  with  the  blood  in  r 
uch  better  condition     .^gnin.  in  some  of  thote  cases  in  wittcb  the  U 

*•  Am.  Jour.  Med-  Sci,.  IWHJ.  vol,  exxv.  p,  ap. 
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to  fall  after  admission  and  then  to  rise,  it  is  curious  that  the  patient  feels  so  «dl 
that  he  insists  upon  going  home  at  a  time  when  the  count  is  no  higher  or  very 
little  higher  than  on  his  admission.  In  Other  cases  in  which  the  count  rises  »fltr 
admission  and  then  falls,  death  occurs  when  the  count  has  reached  the  level  oi 
admission.  In  still  other  cases  with  an  initial  drop,  as  in  five  of  our  series,  the  count 
was  rising  at  the  time  of  death. 

Although  patients  come  to  the  hospital  for  symptoms  which  bear  little  relation 
to  their  blood-count,  yet  the  same  case  on  two  or  more  admissions  will  enter  with 
counts  which  are  curiously  close. 

The  red  btood-count  on  the  day  of  death  in  two  of  our  cases  was 
high — 2,700,000  and  2,100,000;  in  three  cases  moderate,  1,031,000, 
1,326,000,  1,216,000;  and  in  thirteen  cases,  and  this  we  think  a  hint 
of  the  blood  picture  at  death  due  to  this  anxmia  alone,  the  count  was 
between  718,400  and  376,000,  an  average  of  567,700. 

The  blood  during  intermissions  is  not  quite  normal.  The  red  count  ii  about 
3,000/XiO,  and  the  cells  still  large  (Cabot).  The  color-index,  however,  is  fometimB 
low,  and  the  leucocytes  increased  by  an  increase  in  polymorphonuclears ;  rudeiied 
cells  disappear.  The  diagnosis  now  is  important,  especially  to  insurance  examintrs. 
In  a  recent  case  with  almost  normal  blood  the  diagnosis  was  made  by  one  e^faiaiMT 
and  the  case  refused.  He  succeeded  in  getting  heavy  Insurance  in  another  company, 
and  died  in  about  one  year  of  this  disease. 

The  VOLUME  of  the  red  blood-cells  is  best  determined  by  sedimenta- 
tion. The  average  volume,  instead  of  the  normal  45  to  50  per  cent,,  is 
from  8  to  10  per  cent.,  which  seems  high,  considering  the  count,  and  is 
a  measure  of  the  large  size  of  the  cells.  Capps  found  the  volume  index 
always  above  the  color-index,  hence  the  size  of  the  cells  explains  satis- 
factorily the  latter. 

Size. — -The  average  diameter  of  the  red  cells  is  somewhat  in- 
creased, with,  however,  wide  variations,  the  cells  measuring  from  410 
13  microns,  and  with  extremes  beyond  these.  The  average  diameter 
may  be  9  microns.  In  no  other  disease  are  there  so  many  macroc\l«- 
It  is  not  the  average  but  the  mean  size,  or  the  percentage  of  niacro- 
cytes,  which  is  of  importance  in  diagnosis,  since  the  microcytes  will 
lower  the  average. 

Macrocytes. — Seventy  per  cent,  of  the  cells  may  be  ver>'  large, 
between  1 1  and  13  microns  in  diameter  (Lazarus).     In  a  case  rejwrteJ 
by  Ewing  90  per  cent,  measured  from  11  to  1 6  microns.     Gigantocytes 
also  occur.     These  large  cells  are  less  biconcave  than  normal,  some  are 
not  biconcave  at  all.     Some  are  oval :    some  seem  flabby :    they  are 
often  dark  colored  in  the  fresh,  often  polychromatophilic  in  the  stained 
specimens:  they  never  present  the  pessary  form;  some,  however,  are 
pale,  according  to  Grawitz  many  are,  but  the  dark  color  of  large  cells 
is,  we  consider,  a  quite  constant  feature,  and  in  giving  out  fresh  speci- 
mens of  unknown  bloods  to  a  large  class  we  find  that  they  recognize 
this.     Students  =ilionld  study  fresh  bloods  from  a  large  variety  of  cases. 
always  making  a  specimen  from  normal  blood  for  comparison,  until 
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phc}'  will  say  unhesitatingly  whether  the  size  of  the  average  cell  is  in- 
creased or  not.  »n<I  whether  the  color  is  darker  or  lighter  than  normal. 
The  differences  arc  more  striking  than  ime  not  acaistotne<l  lo  obstfrve 
ibetn  woxild  expect.     In  some  celts  there  is  a  slight  change  of  color 
sliade  as  well  as  of  depth.    There  are  cases  in  which  the  blood  is  said 
not  to  he  niegalocyiic.     Macrocytes  are  nut  cumniun  in  iioniial  bone- 
tnarix>w,  and  their  presence  here  is  considered  (,  Laaclie)  a  conipensa- 
ory  attempt  to  replace  the  amount  of  h.-emogl()bin-containing  proto- 
iism.     Cohnheitn  first  said  it  was  reversion  to  tlic  embryonic  type, 
ihrlich  attrihiites  it  lo  a  megaloblastic  d^eneration  of  the  bone- 
narrow. 

MiCROCVTES. — Tliesc  cells  vary  from  2  to  6  microns  in  diainctcr, 
pnd  arc  usually  of  a  deep  color.    They  occur  in  large  numbers  also  in 
secondary  anx-mias;  they  may  fail  here.    So  numerous  arc  these  cells 
in  some  aises  that  the  average  size  of  the  red  bluod-cclls  is  not  above 
|K)rmal;   hence  the  importance  of  judging  the  mean  rather  than  the 
average  size.    The  dark  color  of  these  microcytes  may  be  due  lo  their 
spherical  shape,  but  lliey  have  sometimes  a  greenish  tint,  which  would 
indicate  a  chemical  change  in  the  protoplasm.    These  microcytes  might 
be  suspected  to  ])ossess  aniceboid  motion,  at  least  they  change  their 
shape  and  move  cpiiie  actively  among  the  other  cells  with  an  oscillatory 
teotion.    They  have  been  descriljed  as  monads,  a  leptothrix  fonn.  bac- 
Reria,  and  Haycm  called  them  pseudo-parasites.    It  is  very  interesting 
jlo  watch  them  in  their  movements.    Such  cells  are  pictured  in  Fig.  93, 
I      PoiKiLOtn'TEs,  formerly  supposed  to  be  characteristic,  are  rela- 
tively rare  in  secondary  anaemia,  but  in  this  disease  are  often  extreme 
both  in  number  and  in  variety  of  shapes.    Hook,  raquettc,  spindle,  and 
Various  dwarf  forms  occur.     The  sausage  and  the  battledore  shapes 
were  formerly  sujiposcd  to  be  found  only  here.    The  small  forms  show 
interesting  contraction  phenomena  resembling  aniceboid  motion   (sec 
ibove). 

It  is  r>ot  imusual  to  find  shadows  among  the  deep-colored  red  cells, 
Since  ill  a  rather  acute  case  abnormal  ceils  did  not  appear  until  about 
t*'o  months  from  onset.  McCrae  .suggests  that  such  cells  occur  only 
ifter  the  condition  has  existed  for  some  time. 

PoLYCiiROMATopim.rc  Degeneration. — This  is  best  studied  in 
this  form  of  anmnia.  .Mthough  it  is  not  always  a  sign  of  degeneration, 
tn  Ibis  disease  fnr  the  most  part  it  seems  to  be.  With  Ehrlich's  triple 
nain  these  cells  arc  a  pale  gray  C  Plate  I.  25-28) .  With  methylene  blue 
Biey  take  a  blue  tint.  Their  number  is  almost  parallel  to  the  severity 
of  the  case  ( Grawitz ) .  Red  cells  with  Grawiiz's  basophilc  granules  are 
very  common,  especially  in  severe  cases,  and  have,  Grawitz  thinks,  an 
■rtant  prognostic  value. 
Nucleated  Redi.  NORMOBLASTS  (Plate  I,  29,  30,  35,  and  Fig,  1 13,  a, 


532  CL13iICAL   DIAGNOSIS  ^^^H 

c,  d.  ej. — These  cells,  ciescriljcd  on  page  478,  occur  quite  constantly  in 
pernicious  ana?niia,  alone  or  wiih  mcgalnbjasts,  and  in  especially  large 
niimljcrs  during  the  blood  crises.  In  a  case  of  Bezant;on  and  UlAc 
There  were  frc)ni  fxjoo  to  10,000  normoblasts  and  i/k>  mcgali>l)!;iflf  per 
cnbic  inillinieire.  Many  of  these  cells  show  polychnimatoiihilic  degen- 
eration, especially  those  in  which  the  nucleus  is  dividing. 

The  blood  crLnis.  so  interesting  a  feature  in  cases  of  .«everc  aiueima 
( see  pages  479  and  534 ) .  is  not  al\v,'ijs,  as  v.  Xoordcn  thought,  a  sign 
of  vcf)'  active  regeneration  and  followed  by  a  jump  in  the  red  count, 
although  in  secondary  arueniia  and  chlorosis  this  may  lie  the  case 
Tliey  may  always  indicate  an  attempt  on  the  part  of  the  bone-marrOT 
to  replenish  the  l)lood,  but  in  some  cases  of  jicrnicious  ana.inia  iJiPf 
are  followed  by  a  fall  in  the  red  count,  the  convulsive  attempt  10  sltni 
the  tide  of  deslniction  proving  futile.  Those  followed  by  improvement 
occur  especially  in  younger  persons. 

In  some  cases  there  arc  few  or  no  nucleated  reds  in  the  pcriplierjl 
blood.  This  means  a  slower  regeneration.  In  other  cases  just  bciort 
death  all  these  cells  disapjie^r. 

MEGALOiiLASTii  ( Plate  I.  32,  33,  38.  and  Fig.  It3.f). — TheiccdN 
were  first  described  by  Ehrlich  as  characteristic  of  pernicious  anxmii 
Tbey  may,  however.  <iccur  in  any  ana;mia,  ami  in  any  disease  involviog 
the  bone-marrow.  The  difficulty  in  forming  a  judgment  concnning 
their  occurrence  lies  in  the  fact  thai  cells  which  iine  man  counts  as  nttg- 
aloblasts  others  do  not.  Manj-  criteria  ha\e  I)een  proposed  for  their  t«- 
ognition — the  size  of  the  tell,  the  size  of  the  nucleus,  the  structure  of  ihf 
nucleus,  etc.  These  cells  being  of  such  iniijortaiice,  wc  have  nude* 
nile  in  this  clinic  that  whenever  there  is  any  doubt  concerning  a  ctH 
not  to  call  it  a  megalublast.  One  sees  huge  cells  with  a  nucleus  Ii^> 
normoblast's :  small  cells  with  a  nucleus  like  3  inegalublast's ;  wc  re- 
serve this  name  for  cells  which  arc  large  and  have  a  nucleus  corrcspoml- 
ingly  large.  We  do  not  consider  any  cell  a  inegaloblast  unless  its  niiclc"* 
is  about  the  .size  of  a  normal  red  Idood-ccll ;  that  is,  about  7  mic^■n^ 
These  cells  are  round  or  oval :  they  vary  from  aliout  11  to  20  mien"'* 
in  diameter.  When  very  large  they  are  called  gigantohlasts.  Tl«y 
are  plnmp,  often  difHueiil,  and  polychromatophilic.  The  nucleus  inil* 
fresh  specimen  has  a  well-defined  chromatin  net-work,  but  ulces  viids 
the  Khrlich  stain  a  pale  greenish  tint,  staining  so  faintly  that  it  maylf 
ovcrl(x>kcd;  it  is  large,  plump,  round  or  oval,  esiwcially  the  latter;  ii 
is  often  stirrnnnded  by  a  clear  circle,  aiwl  outside  of  this  circle  ll* 
protoplasm  often  .stains  deepest:  karyokinctic  figures  are  sometime* 
seen,  to  find  which  some  consider  a  grave  sign.  It  is  no  easy  matter  to 
tell  a  polychromatophilic  megalnhlast  with  a  pale  staining  nucleus  fnw 
some  mononuclear  lcucoc\tcs,  an<l.  strange  as  it  may  seem,  sometiines 
men  of  recognized  authority  differ  whether  to  call  a  stained  cell  while 
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or  red  (Plate  1.  36).  Color,  in  .1  swinetl  specimen,  counts  but  little; 
the  opacity  of  the  protoplasm  counts  miicli,  the  red  cell  hcing  more 
opa<|iic.  'ilie  point  upon  wiiicli  most  depeii'ls  is  the  edge  of  tlie  cell, 
for  the  spherical  iciic<xytes  must  flatten  out  in  the  iircparation.  hence 
have  .1  thin  fraye<i  innrgiii.  while  red  blood-tells,  being  disks,  do  not 
rtatteii.  and  have  a  thick,  smooth,  uniform,  rounded  edge,  l>cst  seen 
when  a  cell  touches  anotlier.  Again,  the  edge  of  a  leucocyte  may  over- 
lap a  ncighlK»ring  cell,  but  the  edge  of  the  red  cell  merely  l1.-ittens  against 
il.  There  is  no  staining  reaction  which  is  characteristic  for  luemoglohiii, 
especially  when  hasophitic,  and  the  only  occasion  upon  which  one  can  be 
vure  whether  a  cell  contains  any  or  not  is  when  he  sees  it  in  the  fresh 
Slate.  If  in  dnuht.  il  is  more  probably  a  leucocyte  than  a  ni^aloblast, 
at  least  that  is  the  safer  view  to  take. 

Although  megalohlasls  occur  most  commonly  in  this  .inarmia  thej" 
are  nevertheless  rare  here,  and  even  Ehrlich,  it  is  said,  would  hunt  for 
hours  until  he  found  this  much  <lesired  cell  upon  which  he  would  stake 
the  diagnosis  of  an  otherwise  clear  case.  If  after  a  long  search  one  finds 
six  or  eight  such  cells,  he  should  he  more  than  satisfied,  and  in  some 
cases  none  will  be  found  at  times,  and  many  on  a  later  occasion.  Tlieir 
presence  in  large  numbers  is  rare  and  ominous.  Tlieir  number  varies 
from  (hiy  to  day,  there  hcing  interims  of  improvement  during  which 
lliey  are  absent,  reappearing  during  a  relapse.  In  other  cases,  however, 
titcy  have  been  found  iluring  these  iwriods  of  intermi.ssion  while  the 
blood-count  is  fairly  normal.  It  is  sometimes  necessary  to  hunt  two 
hours  for  one  such  cell,  and  yet  the  imimrtance  of  this  cell  justifies  that 
trouble.  Upon  the  perceni.ngc  nf  these  r&sis  some  prognostic  value. 
In  megatoblasls  pol ychroma tophi lia  and  the  basophile  granulation  are 
particularly  well  marked. 

Typical  megaloblasts  occur  especially  in  pernicious  an^nn'a,  even 
in  the  mild  grades  in  which  cases  they  arc  of  great  di.-ignostic  value. 
They  occur  rarely  in  other  ansemias.  except  in  the  diseases  of  children. 
Tlieir  presence  in  bothriocephalus  anxmia  is  well  known;  a  few  are 
found  in  cancer  ca^es.  especially  those  with  metastases  to  bone-marrow. 
We  have  seen  as  beautiful  a  one  as  could  be  desired  in  simple  tertian 
malaria  witliout  any  marked  an?emi<i,  and  they  occur  perhaps  always 
Ti  malaria  of  children.  They  occur  in  large  mmibers  in  splcnomyclo- 
genous  Icukarmia ;  in  secondary  anarmias  anel  chlorosis  very  rarely. 
They  would  seem  to  occur  especially  in  those  conditions  in  which  the 
bo)»e-niarrow  is  involved,  and  of  this,  apart  from  the  ana.-mias,  malaria 
is  a  good  illustration.  Some  consider  tlieir  presence  an  indication  of  the 
seventy  of  the  anxmia.  not  of  the  form;  others  thai  it  is  a  sign  that 
the  l)one-marrow  is  involved;  others  consider  ihem  tn  express  an 
attempt  on  the  part  of  the  body  to  increase  the  volume  of  haimoglobin- 
carrj'ing  protojilasm,  and  hence  a  protective  measure;  another  origin 
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suggested  is  that  they  are  swollen  hydrnrinJc  cells,  nhtch  arc  <lropsica], 
containing  the  increased  water  of  the  plasma.  It  is  true  iliat  soim,  the 
so-ealleil  "  dilorotit  cells"  (l(j  suggest  this  very  strongly,  Init  they  arc 
always  paler  in  tint;  in  cases  of  marked  hy(|r:i;itiia  there  are  often  no 
such  cells  present,  as.  for  instance,  in  nephritis,  and  they  also  occur  in 
large  num1>crs  in  chlorosis,  aii<I  there  the  plasma  is  practically  normil. 
I  Intermediati:Fokms(  Plate!,  31,  37.  and  Fig.  113,  b). — Thisiji 
most  trouhlesiMiie  term.  In  some  cases  this  gronp  incltides  nearly  all  oi 
the  nucleated  reds  fonn<l  in  the  blood.  W'c  liavc  made  it  an  invarabk 
rule  tlial  all  cells  sugftesting  nicgalohlasts  and  concerning  which  there 
is  any  dnnlit  shall  be  put  into  this  group,  niat  is,  a  nucleated  cell  tlit 
size  uf  a  nonnoblast  with  the  nucleus  of  a  mcgaloblast.  or  a  cell  tlie 
nze  of  a  megaloblasi  with  the  nncleus  of  a  nonnoblast,  is  assigned 
here,  hence  the  group  contains  a  great  variety  of  sizes  both  of  cells  and 
nuclei.  It  is  easy  to  see  in  studying  the  plates  of  cases  ptihit^liol  as 
perniciims  anaemia  that  the  many  megaloblasts  mentioned  arc  cells 
which  we  have  considered  as  intermediate  forms;  hence  the  confusion 
concerning  their  frequency. 

Whether  these  cells  are  intermediate  between  megaloblasts  anil 
normoblasts  we  do  nnt  know  :  by  die  term  we  merely  mean  a  cell  ran- 
ccrning  which  \vc  are  in  doubt.  The  existence  of  transitional  cells  has 
been  denied  by  Ehrlich  and  Pappenheim.  .A1I  transitions  have  htet 
found  by  others  (Scbanmann).  The^  occur  in  conditions  in  uhidi 
megaloblasts  would  lie  expected.  Some  do  not  scjiarate  this  gnmp  -it  all. 
and  most  consider  th«m  to  have  equal  significance  as  megaloblasts. 
(Sec  page  479.) 

MicROBLASTs. — Tliesc  cells  have  a  nucleus  the  size  of  a  nonnoblast. 
but  the  protoplasm  is  e.\cee<lingty  scanty  and  often  ra^ed  on  the 
margin.  The  nucleus  is  usually  pycnotic.  Whether  these  cell*  aft 
derived  from  normoblasts  as  degeneration  fonns,  <ir  whether  ihcyart 
preformed  and  have  the  same  significance  as  nnrnioblasls,  is  not  jtt 
known.  They  occur  in  pernicioiis,  also  in  severe  seoMidary,  especiillf 
the  post-henK)rrhagic,  aiwemias. 

The  presence  of  nucleated  reds  wat  noicd  in  57  o(  69  of  our  casn  In  H- 
ilcfiiiilc  blood  CTiiK-i  were  prctent;  thai  i>.  mnre  tlian  $0  nucleaicil  reds  p«  "*o 
kiicocytcs.  This  if  raiher  an  arbilrorjr  line.  aii<t  yet  «r  luve  fouitit  thai,  in  om  a"* 
at  leoi^l,  it  corrcspondrit  ijiiilc  well  with  ihc  tilond  pictHrct.  In  all  ca»e*  normoblxo 
ocoirrcd.  while  in  40  (56  per  cent  ).  iiici:alol>1afis  also  In  the  utlicr  »is  Q*B 
nortnobla^l;  and  inirniiriliiiR  forms  occurred. 

In  these  57  ca*c5  there  were  6.^  periods  during  which  itucleated  ndi  «»" 
present.     0(  thete  6.1  periods  in  i(»— that  is,  in  41   per  cent— Ihcrc  fr>llo««4  » 
gain  in  the  red  hloodccll*;  in  ihe  re»t.  eiUier  no  Bain  of  a  loss.     Of  14  t*'**  1 
without  nuclcatMl  rrds,  dnringt  9  there  wnf-  a  didinet  gaiiL 

In  I.I  of  oiir  ca»c«  ( lo  per  crnt.)  blood  crisc*  were  prtscni.  Five  of  lhe»e  eun 
died.  0(  the  50  or  more  nucleated  cellf  per  lono  lcufOf)ie«  condiluiinc  the  eritn. 
Ihc  normobIa«w  varied  from  ;  to  .jiaB;  the  intermediates  reached  even  ill.  »nl 
Hie  megaloblaMs  44.    There  seem  to  he  two  definite  fomn  of  blood  crisci.  tkoX; 
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b  which  normoblasts  largely  pTedominate  and  those  in  which  the  intermediate 
ud  megaloblasts  are  also  present  in  considerable  numbers. 

It  is  the  normoblastic  crises  particularly  which  are  followed  by  a  rise  in  the 
red  count  i  those  with  many  megaloblasts  are  less  inefficient  or  occur  in  a  condition 
rf  the  bone-marrow  when  it  cannot  regenerate  the  blood.  They  appear  especially 
■hen  the  patient  is  losii^  ground. 

The  most  remarkable  blood  crisis  lasted  for  nineteen  weeks.  During  this  time 
lie  red  blood-ccUs.  at  the  beginning  i.go2xno.  rose  to  3,562^)00.  and  then  finally 
ropped  at  death  to  1,3^^000.  During  ihis  time  the  leucocjles  varied  from  3000 
3  5000  until  the  day  of  death,  when  there  were  i&ooo.  During  the  whole  period 
lie  number  of  normoblasts  per  thousand  of  leucocytes  was  almost  alwavs  above 
Dt^  reaching  on  one  occasion  1164,  a  little  later  1032.  and  finally  313a  On  this 
ay  the  leucocytes  were  4600;  hence  the  total  number  of  normoblasts  per  cubic 
■iilimetre  was  14.3S8.  of  intermediate  forms  j6o,  and  megaloblasts  138  per  cubic 
tiUimetre. 

Haemoglobin. — The  hxmc^lobin  is  much  reducefl,  rarely  above  50 
«r  cent,  and  often  as  low  as  10  per  cent.  The  color-index  is  normal 
>r  high,  a  point  of  the  greatest  importance  in  determining  the  nature 
if  the  aiuemia.  In  our  cases  on  admission  the  hajmoglobin  aver- 
iged  34  per  cent,,  and  the  color-index  in  80  per  cent,  of  the  cases  was 
>ver  I,  an  average  of  i.i.  and  in  2  cases  as  high  as  1.9. 

Ewing  considers  that  the  index  i>  low  in  the  chronic  cases  and  high 
n  the  acute.  For  it  to  rise  is  considered  a  bad  sign,  indicating  as  it 
Ices  a  falling  count:  with  improvement  there  is  always  a  lowering  of 
he  index  due  to  the  newly  formed  cells,  which  are  of  lighter  weight 
han  normal. 

This  high  color-index  has  been  ascribed  to  a  "globular  richness,"  i.e..  the 
nrpuscles  contain  more  hzmr^lobin  per  cell  than  i:  normal,  a  protective  provisi'in. 
n  favor  of  which  the  corpuscles  have  been  e<timated  to  be  of  almost  twice  normal 
reight:  to  the  number  of  large  celU.  and  the  hzmoglobin  doei  run  parallel  to  the 
inmber  of  megalocytes:  again,  and  with  g-x^  reason,  it  hai  been  C/r.^Acrcil.  in 
lart  at  least,  only  apparent,  the  explanation  being  that  many  micr'>r>~le^  are  over- 
K>ked  in  the  blood-count,  yet  they  altogether  contain  no  small  amount  of  p^'oto- 
Jasm ;  and.  lastly,  the  presence  of  him<«lobinunia.  That  the  chemical  namre 
■f  the  red  blood-cells  is  not  normal,  many  in-ijl :  the  ni'.rogen  of  the  ce'I;  hai 
een  found  increased  (v.  JakKhi.  hence  the  name  "  h}-pera'b'j:t;in«mi3  r'-bra;"  i; 
as  been  estimated  that  more  iron  is  sometime-  present  Iha::  albumin  10  complete 
he  hjemoglobin  molecule,  hence  either  the  irdn  is  increased  in  the  himogl^^bia 
lolecule.  or  is  present  in  other  combination!,  .additional  evidence  tor  this  is  the 
xraatogcnous  jaundice,  and  the  irc-r.  cojT:pound:  in  -.he  pla^rr-a.  aliho-jgh  the 
retcnce  of  these  iatter  bod:e«  is  considered  by  *ome  as  simply  evidence  of  paor 
.■chnic.  Taylor  considers  the  high  c^:r>r-:r:'iex  a^  an  optica;  i!/-:]-;;  ur.'vp- 
orted  by  chemical  analrtii:  Capps.  that  clrir-index  never  ?urpa-'ei  vol-n-.s  ir.-fex; 
rrawitz  fand  this  point  an>ea1s  to  us  verv-  •■'.r'-'T^.g'y  •  warns  acain-t  hxrr.ys'.-Vir. 
Menninations  with  an  ordinary  himogt^'j-r. ■■■::;*: cr  ar'?  erTipha-iies  th-:  e~;r  ■: 
verlooking  microcytes  in  blo™J-co-.mt;nz  He  c-oiideri  That  the  Vn  :*•:  ■■:'  ;he 
idex  is  the  vi*oaI.  and  finds  by  »h;s  th=r  rrsry  r*'.'.:  are  <■''.  r-.rrri:  ;■•;  =-i  r.i.* 
ood   color,   while   "theri   are   paler   thar   rorrra?.   Y.tr.^r   c'-r.^-i^--   ->"   --r  vl^i"- 

1  the  distribution  of  protoplasm  a--;  '.h'  ^r'L-'i-^^.-.'.r.  >-■;  ;>-.-'r   -•"=  ■"--  -. --^r 

mures  of  pernicious  anzmia.  Beiarc'T.  zr.'l  l-i.'AA  :'r.:-\:  :r.a:  ir —  -'-.^.r  --'-j.-- 
nce  one  does  not  get  the  idea  that  the  r^"-  are  r.-.-rrr-x^.  in  hierr '■:'.'■'—  '.:  '■:- 
pinion  that  they  are      Many  of  th-  'srat   ^e"i  '.-   fre'*-   =^- — •--  '■■•:   -••' 

ihen  compared  with  normal  ones.  !■:  b^  'f  s  -iirVfr  •.■.-:.  b— .  -■■--■'-■;-  :-■-  -  -■  •.-. 
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due  to  sn  increased  amouiii  of  hRinoglobin,  lu  th<;  itrciicf  ofKicat  ihicbneM  of  a 
ipherkal  cell,  or  to  chcmiul  changei  of  the  hxmuglobin,  it  in  difiieuh  to  ait, 
and  pcrliaits  all  etcmeiiii  enter,  Theie  lurt-e  celt^  thow  little  lnooticat iiy,  knduiin 
appear  i-omewhal  tphctical,  ThM  chiitiget  in  tlic  h.'cmoglobin  can  nuke  tht  red 
blood'CClls  appear  darker  it  deeii  in  inatiy  deKeneratittK  eelK  ■»  celU  piAtA  up 
b}'  phagocytci.  and  in  tnalari:i.  which  cells  have  a  KoniewlMC  darker  awl  tUthtir 
Srcemi^li  tint. 

Whiii  if  raotl  ImporlaDt,  Ihe  ordinary  hnraoglubinometera  wbkh  use  a  etbt 
priim  do  not  give  acciirjile  readings  in  the  lower  half  of  titc  iwalv.  and  an  eimr 
ai  5  per  cent.,  IlCi  iniignificuni  in  normal  blood,  chansei  ihu  iodcx  CMiuiIcnbly 
when  added  tu  a  total  of  lo  per  cent. 

The  lucniogluhin  during  the  cDur«e  of  our  cam  ran  parallel  with  tbt  rr( 
l)looil-i.-«IU,  nf  a  rule.  Yet  due  to  the  tendency  to  form  large  celli.  as  ibe  cue 
bccoaict  norsc  the  index  »lowly  riici,  and  at  death  averaged  1.5. 

Leucocytes. —  In  severe  and  uncomplkateii  cases  there  is  alwtys  a 
lciicopeni.i.  Cabot's  average  was  3800.  anri  in  72  of  1 10  cases  beloiK 
501X).  The  leucocytes  in  our  cases  on  admission  averaged  4600.  Thb 
inclwies  all  cases,  even  iliosc  with  a  leiicocylosis  due  to  complicaiioni. 
In  75  per  cent,  of  the  cases  the  cotiin  was  under  50CX).  They  may  go 
as  low  as  1500  or  3000.  and  sometimes  Iwfore  death  as  low  35  500  per 
cubic  milliinclrc.  Their  number  runs  parallel  to  that  of  the  red  blood- 
cells,  as  a  rule.  A  leucocytosis  means  either  a  coiiiplicattt>n.  a*  pn»- 
nionia,  sotiie  pus  process,  a  blood  crisis,  in  which  case  the  large  nutnlKf 
of  leucocytes  may  even  suggest  a  leukxniia :  and  lastly,  at  death,  the 
picture  may  he  leukiemic  (100,000). 

Very  rounhly  the  leucocyte  eoiint  ran  in  our  caies  parallel  to  (be  red  nnrt. 
and  at  death  varied  from  (160  to  16,000.  and  averaeeO  S950. 

Of  our  8t  caxei^  in  55  (;o  per  cent.)  at  lome  time  during  thcit  May  the  eW 
fell  below  3000;  In  .W  (jo  per  teiii.),  below  jooo;  in  9  tii  per  cent.)  ii  Mw 
loDO  or  hdow.    The  very  low  count*,  looo  or  below,  arc  found  only  id  the  Kittei' 

OMS. 

The  pcrcculage  of  (lolymorfhoiiuclcar  ncHtrophUe  cells  is  rouglily 
parallel  to  the  total  leucocyte  count.  This  is  l)est  seen  in  ihc  riseo^ 
these  cells  with  the  imprnvcmenl  of  the  case.  Tlieir  percentage  i* 
lowest  in  the  low  counts,  and  the  low  count  seems  to  be  due  to  tl)cir 
diminution. 

Tlie  percentage  of  the  nnn-graniibr  nmnoniiclear  cells  varies  in- 
versely to  that  of  the  granular  cells.  The  highest  in  our  cases  was  93  pet 
ceiit.  In  the  majority  of  ihe  cases  the  percentage  relation  of  the  leuco- 
cytes tends  to  be  constant  whatever  the  total  count  of  these  cells,  and  in- 
dicates that  these  variations  arc  due  more  to  the  distrihmion  or  dilution 
of  the  hinod.  perhaps  siasis  in  the  vessels,  than  10  any  real  change  io 
blood  fornnila.  On  the  other  hand,  there  are  considerable  changes  in 
total  count,  in  which  the  absolute  number  of  these  mononuclear  non- 
granular cells  is  quite  constant. 

Tow.ird  death  Ihc  percmtagc  of  these  cells  rises,  prolahly 
the  granular  cells  arc  formc<l  in  diminishing  numbers.    It  is  int 
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be  variations  in  the  percentage  of  tliese  cells  show  definite  waves 
ilg  llie  course  of  the  tiiscasc. 

Tlie  relaii\ely  high  lymplwcytf  count  is  seldom  a  true  lymphocyto- 
sis. I)ut  is  due  Id  an  ahsnUite  decrease  in  the  piflymorphonuclear  cells. 
The  average  of  small  mononuclears  is  45  |icr  cent.  It  may  reach  as 
higli  as  62  per  cent,  and  Iwfore  death  even  79  per  cent.,  and  yet  the  ab- 
solute number  be  normal.  This  has  been  considered  evidence  that  these 
lym|>h(x:yte*  arise  in  the  lymiih-glands  and  not  in  the  bone-marrow. 
Tliis  decrease  in  the  iKilymorphoniiclear  cells  is  the  important  t'cature, 
an<l  in  ihagnusis  excltidcs  oftai  ainccr  and  septic  an-Tmia,  yet  in  the 
>amc  case  the  count  varies  so  niucli  that  il  is  not  of  very  much  impor- 
tance. 

In  12  ( I7per  cent.)  isolated  counts  there  was  a  true  lymphocytosis. 
This  was  maintained  in  no  case  for  more  lliaii  one  or  two  counts.  Two 
of  these  were  cases  with  a  definite  tcucocytosis,  while  in  the  other  cases 
the  total  count  was  not  above  normal  limits.  Hence  a  lyniiphocytosis 
may  occur,  but  is  not  a  common  feature. 

■  Tile  evsinophiUs  averaged  about  2.~  \kt  cent.    They  may  reach  as 
niigh  as  9  per  cait..  anrl  are  often  absolutely  increased.     In  extreme 

cases  they  may  be  diminished. 

■  Tlie  myelocytes  may  reach  2  |ht  can.  Their  presence  is  more  con- 
stant and  their  number  greater  than  in  any  disease  except  leukaemia.  In 
acute  exacerbations  of  the  disease  they  may  reach  even  J9.4  per  cent,  of 
a  total  of  34,000  cells  (Billings).  Eosinophilic  myelocytes  sometimes 
occur,  but  rarely.  In  23  of  our  cases  niyetocytcs  were  present  in  nmn- 
bers  varying  from  0.2  to  8  per  cent.  Nine  of  these  cases  were  fatal. 
In  12  cases  the  percentage  was  not  above  i  per  cent.  In  6  it  was  above 
.1  ])er  cent. 

In  («ir  cam  the  myelocyte*  occurrrd  CTpeci.iMy  under  two  eonditioni:  in  cases 
with  a  very  low  count,  even  ilie  liiwcM,  in  which  case  tlieir  prrccntaxe  was  the 
hiKheM :  (or  imiance.  of  1800  leucocyte*.  8  per  cent,  were  m/elocylci.  A^in.  they 
wcri-  much  inercaserf  in  casct  with  Iciicocytosi*.  ay  for  inManc«.  a  case  with  14.400 
leucocyte*  and  i  per  cent,  myelocytes;  another  with  11.600  and  clj  pti  cent, 
myclocylcv 

W  Mttslst'ltot  were  present  in  29  of  our  69  cases.  In  2  they  were  over 
3  per  cent.,  but  in  8  over  1  per  cent.  Of  the  other  21  cases  the  average 
was  0.5  per  cent.  If  these  high  percentages  were  really  of  Mast/ellen 
it  would  show  that  in  pernicious  an.-cmia  they  show  a  definite  increase 
hitherto  not  mentioned.  Wc  doubt  very  much  that  this  is  the  case.  In 
(Hir  cases  of  pernicious  anremia.  in  none  were  differential  stains  for  these 
cells  used,  and  in  this  disease  it  is  quite  enmnion  to  find  polymorphonu- 
clear cells  presumably  of  the  neutropliile  series  without  granides.  So 
marked  is  this  in  some  cases  that  it  has  been  suspected  that  the  body  has 
lost  its  ability  to  form  the  ncutrophilc  material  (Ehrlich).    This  may 
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explain  their  high  percentage.  As  is  well  known,  in  using  Ehrlich's 
stain  most  non-granular  polymorphonuclear  cells  are  counted  as  Mast- 
zellen.  The  high  percentages  occur  always  in  cases  with  a  low  total 
count,  the  average  of  the  above  cases  with  over  i  per  cent,  being 
3900. 

Degenerated  leucocytes  are  common;  pale,  swollen,  and  vacuo- 
lated, with  the  nuclei  fibrillar.  There  is  an  increased  number  of  neutro- 
phile  granules  in  the  periphery  of  some  cells.  Hayem  considers  thai 
they  will  imbibe  a  certain  amount  of  hasmogiobin.  Certain  cases  art 
reported  in  which  the  diagnosis  between  pernicious  anaemia  and  acott 
leukaemia  was  said  to  be  quite  difficult ;  one,  for  instance  ( Williamson 
and  Martin),  in  which  the  red  blood-cells  were  300,000,  haamc^lolsn 
12  per  cent.,  leucocytes  38,000,  with  the  small  mononuclears  99  per 
cent. ;  Westphal's  case,  with  816,000  reds  and  24,000  leucocj-tes;  Bet- 
ani;on  and  Labbe's,  with  550,000  reds,  of  which  3520  per  cubic  milli- 
metre were  nucleated,  leucocytes  32,000,  small  mononuclears  66  per 
cent,  (see  page  552). 

The  absolute  number  of  the  eosinophiles  is  a  splendid  index  of  the 
course  that  the  blood  is  taking,  running  in  many  cases  parallel  to  that 
of  the  red  blood-cells.  During  sixteen  admissions  there  was  a  definite 
rise  of  these  cells  attending  the  improvement  of  the  condition. 

In  several  cases,  with  little  change  in  the  condition  of  the  blood, 
the  number  of  these  cells  was  fairly  constant,  while  in  10  cases  these 
cells  fell  as  the  red  blood-cells  dropped,  in  3  being  absent  at  the  time  oi 
death,  an<l  almost  so  in  2  others.  These  cells  may  drop  as  the  patient 
goes  down  hill,  even  thmif^h  the  red  blood-cells  do  not.  Some  ca^es 
are  exceptions,  as,  for  instance,  in  8  there  was  no  rise  in  eosinophiles  a; 
the  blood  improved  ;  in  4  there  was  a  rise,  but  without  any  accompany- 
ing improvement :  while  in  one  coinit,  a  terminal  pneumonia,  these  celli 
were  220  in  number  at  death.  The  explanation  of  these  exceptions, 
however,  is  not  difficult.  In  cases  in  which  with  apparent  improve- 
ment there  was  no  rise  of  eosinophiles  it  is  to  be  noted  that  the  increase 
in  red  cells  was  particularly  rapid,  averaging  43,000  per  day.  In  i 
cases,  with  a  considerable  rise  ending  in  a  definite  cosinopliilia.  the 
average  gain  of  red  cells  ]>er  day  ( 17,000)  was  slow,  and  lasted  over 
a  considerable  period  »i  time:  while  in  those  cases  with  a  slight  in- 
crease and  not  ending  in  a  definite  eosinojihilia  the  rise  in  the  re<i  count 
was  still  nmre  rapid,  averaging  34.000  cells  per  day.  This,  we  think. 
in<licates  that  the  slow  rise  of  the  red  count  over  a  considerable  perioil 
of  time  is  more  surely  due  to  new  blood  formation.  The  rapid  change? 
in  the  rcil  count  may  mean  plasma  changes,  etc. 

The  number  of  eosinophile  cells  may  not  run  parallel  to  that  «i 
the  red  cells,  but  their  large  numbers  occur  chiefly  in  those  cases  which 
are  doing  well  or  after  they  have  already  done  well ;  that  is,  following 
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a  rise  of  the  reds  these  cells  may  be  increased.    Tliey  are  present  in 
particularly  large  iniinlttirs  in  tliosf  cases  fjaining  very  slnwly. 

A  dimitiiuion  in  their  aliscjliite  luiniber  may  Ikt  of  ill  onini.  as  in  one 
I  case  with  six  anmls  during  a  period  of  fifteen  days  ending  in  death 
the  red  blood-cells  remained  constant:  that  is,  the  first  count.  2.83J,- 
000.  the  last  j.704.000.  and  tlic  average  in  all  3.700.000.  The  absolute 
number  of  cosinophtlcs  at  first  was  183,  shortly  afterwards  180,  or 
about  the  same,  and  toward  the  end  none  at  all. 

Platelet*. — The  blood-plaielels  are  decreased  or  ^ven  absent,  often 
only  one-twentieth  ihe  nonnal  mimlier.    In  other  cases  they  are  said  tol 
tw  increase*!  f  v.  Linilieck  and  Sahli).  Grawitz  considers  that  thej-  vary. 
Haycm  found  the  count  as  low  as  25,000,  or  even  15,000,  per  aibic 
millimetre.  I 

CosKolability  is  usually  decreased.  The  blood  from  a  venesection 
does  not  separ.ite  iulo  clot  and  serum. 

Scnun. — The  changes  in  the  plasma  arc  important,  since  this  con- 
stitutes 90  per  cent,  nf  the  totil  blond.  It  loses  very  htllc  of  its 
aibuntin :  for  instance,  there  is  a  loss  of  50  per  cent,  of  the  albumin  of 
the  total  blood  yet  of  the  serum  of  only  8  per  cent,  Tliis  is  very  dif- 
ferent, therefore,  from  the  hydremic  anaemias  after  hemorrhage  and 
those  due  to  poor  diet,  in  which  the  scrum  is  most  affected.  It  is  an  , 
I  important  diagnostic  jx)int  also  to  exclude  the  anaemias  of  cancer  and  ofl 
sqisis  (crj'ptogenelic  infections). 

^T\\e  cpedfiG  gravity  averages  about  1030,  and  may  go  as  low  as 
10*5. 
Tlie  ■oUda  are  very  low.  averaging  about  g  per  cent.    The  water  is 

'  increased  even  to  90  per  cent.    The  greatest  loss  is  in  the  albuminous 

"  bodies,  they  licing  reduced  even  to  one-third  normal.  Tliis  is  especially 
due  to  the  coriKiscles,  fur  the  serum  in  the  severe  cases  may  be  normal. 
In  the  plasma  the  scrnm  globulin  is  alone  decreased,  serum  albumin 
being  practically  normal. 

Chlorosis. — This  is  a  disease  especially  of  yoimg  girls  at  puberty, 
the  essential  blood-feature  of  which  is  a  reduction  in  the  lia;moglobin. 
The  count  of  red  cells  is  almost  normal :  the  cells  show  few  signs  of  de- 
generation or  destruction :  the  hitmoglobin  formation  is  very  defective, 

I  and  there  seems  to  be  a  polyplasmia.  It  is  the  only  good  illustration  of 
anaemia  due  to  defective  ha-mogencsis.  and  differs  from  all  other  forms 
in  the  Lick  of  eviilencc  of  blood  destruction  (v.  Noorden).  as  sho\vn 

I,  by  the  jKJverty  of  the  urine  in  pigment,  the  slight  degcneralimi  of  the  red 
Wood-cells,  and  the  absence  of  jaundice.  Chlorosis  is  more  a  clinical 
than  a  blood  picture,  since  this  latter  is  well  simulated  by  many  scc- 
ondarj-  amentias,  for  instance  an  ordinary  post-hemorrhagic  case,  and 

,  we  cannot  make  a  diagnosis  from  the  Mood  alone,  since  all  secondary 
anemias  have  some  of  its  features.    Yet  clinically  the  picture  is  sharp. 
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so  sliar])  that  some  will  diapnos*  chlorosis  without  blood  changes 
(I-iache). 

The  blood  features  to  be  emphasized  are :  that  in  chlorosis  there  is  i 
more  iinifomi  diinimition  in  tbe  sJ/e  of  the  red  cells,  and  a  mon  uni- 
form paleness,  wliile  in  ihe  secondary  anxmias.  even  of  a  severe  graJe, 
the  red  cells  vary  widely  in  size,  and  a  good  many  will  be  nonnsl  in 
size  and  color;  in  chlorosis  the  color-index  is  lower,  a  tymiihocjtosii 
ni<»rc  common,  the  nucleated  reds  more  infrc<|nein,  and  coagiilatikXi 
more  rapid  than  in  secondary  aitaiiiias. 

The  gross  appearance  of  the  drop  is  very  pale.  thin,  watery,  anil 
the  blood  clots  rapidly. 

The  ciiniit  of  the  ked  ulood-cells  need  not  be  very  mnch  rcducetl. 
and  yet  in  o\  er  (to  per  cent,  of  the  cases  it  is  under  4.000.000  cells  a[  the 
first  visit  (  Kcitiert.  v.  Limbeck).  Thayer's  average  of  63  cases  at  tht 
first  visit  is  4,096.000;  Cabot's.  4.1 1J.000:  Graber's.  4,482.000,  while 
that  of  Grawitz  is  from  3,400.000  to  4,300,000.  The  niininnmi  cnunl 
of  Cabot's  was  1.932.000;  of  Thayer's,  1.953.000,  and  of  Hayein's. 
937.360.  Graber,  who  claimed  that  iii  siinjile  chlorosis  there  is  no  di- 
minittion  in  the  count,  .lud  that  this  would  mc.in  a  complication,  cites  a 
maximum  of  5,700,000  cells.  Low  counts  arc  rare,  and  some  compli- 
cations may  always  be  suspected,  as  ulcer  of  the  stomach.  The  ojIot 
of  the  red  blood-cells  indicates  a  marked  diminution  of  bremoglobin, 
their  bicoiicaviiy  is  pronounced,  the  pessary  form  of  cells  common, 
anil  they  stain  very  poorly  (  I'Uue  I,  23.  24), 

There  is  a  (piitc  uniform  diminution  in  the  size  of  ihe  cells,  ami  yet 
the  large,  pale,  so-called  "  chlorotic  cells'"  bring  the  avcraRC  up  to 
almost  normal,  the  celts  varying  from  5.2  to  1 1.5  microns  in  diameter. 
with  an  average  of  7.5.  lliesc  large  chlorotic  cells  are  interesting,  since 
many  consider  that  Ibcy  are  dropsical  cells. — that  is.  cells  swolkn 
because  of  the  water  they  liavc  imbibed  from  the  plasma :  and  yet  tlwir 
number  is  usually  few  and  the  great  majority  of  cells  arc  almost  unifonn 
in  size,  and  a  little  smaller  than  nonnaj.  There  is  not  the  large  admix- 
ture of  nurtnal  cells  seen  in  secondary  an.Tmia.  Macrocytcs  are  rare 
Microcytes  arc  more  common.  Schaumann  and  Willebrand  say  that  at 
the  height  of  the  disease  Ihe  small  cells  predominate.  «liile  during  am- 
valcscence  Ibc  large  cells.  Grawitz  says  ihe  cells  are  largest  when  the 
case  is  at  its  worst.  Tliesc  large  chlorotic  cells  may  be  %'ery  numerous, 
even  one-third  of  all.  at  the  height  of  the  disease. 

Poikilocvtes  and  degenerated  cells  are  rare  except  in  the  severer 
cases,  anil  the  polychromatopbilia  is  considere<l  by  many  to  mean  youth 
of  cells,  and.  therefore,  to  be  a  sign  of  active  regeneration  (Graw- 
itzV  "  Tile  granular  degeneration  does  not  belong  to  the  picture  of 
chlorosis,  but  means  some  complication."  Stengel  and  Pepper  think  il 
common. 
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Nucleated  reds  are  very  rare  except  in  the  severer  cases,  or  during 
improvement,  when  blood  crises  may  occur  tsome  deny  this).  They 
are  much  rarer  than  in  the  secondary  ansemias.  They  are  usually  of 
the  normoblastic  type,  rarely  megalobiast. 

H^SMOGLOBiN. — It  is  the  reduction  of  the  ha;moglobin  which  is  the 
characteristic  feature.  This  may  be  rethiced  to  e\en  20  per  cent. 
Cabot's  average  on  first  visit  was  41.2  per  cent.:  Thayer's,  42.3  pur 
cent.  The  color-index  is,  therefore,  low,  averaging  0.5,  but  in  some 
cases  it  is  as  low  as  0.3.  Secondary  anxmias  never  reach  this  level. 
The  cause  is  the  small  amount  of  hBemoglobin  in  each  cell  and  the  large 
numbers  of  small  cells.  The  volume  of  the  red  blood-cells  is  just  alx)Ut 
half  the  normal. 

The  average  leucocyte  count  in  Thayer's  cases  was  8467:  in 
Cabot's,  7485;  that  is,  the  count  is  normal;  a  leucopenia  is  not  uncom- 
mon. This  is  important  in  diagnosis,  since  in  the  secondary  anremias. 
especially  those  of  cancer,  there  is  usually  slight  leuctKytosis.  The 
leucocytes  may  increase  faster  than  the  red  cells  during  the  convales- 
cence, hence  then  give  rise  to  a  leucocytosis. 

Grawitz  and  v.  Limljeck  say  that  the  blood  formula  is  normal. 
Most  observers,  however,  even  in  mild  cases,  find  the  small  mononu- 
clears about  33  per  cent.  There  is  a  slight  absolute  diminution  in  the 
neutrophile  cells,  and  among  them  may  be  found  cells  approaching 
myelocytes,  but  typical  myelocytes  are  very  rare.  The  eusinophile  cells 
are  usually  somewhat  increased,  averaging  3.5  per  cent.,  and  in  some 
cases  even  9.6  per  cent. 

During  the  last  five  years  (here  have  been  admitted  in  our  female  wards  bul  13 
cases  diagnosed  as  chlorosis.  Of  ihesc,  hut  2  were  at  puberty,  ami  the  rest  frnm 
seventeen  to  tweniy-fis-e  years  old  (relapses?).  Of  ihtse,  ihe  lowfst  was  j.'kki.ooh, 
the  highest  4,000,000.  mean  3.700,ocx).  Hxuioglobin,  3(1  to  41J  [>er  ceiil.  Color- index, 
a36  to  a63 :  mean.  047- 

Leucocytes:  lowest.  2400  and  3800;  between  500a  and  7000,  (1  cases;  highest, 
800a 

Differential  counts  made  in  y  cases,  all  [iraetically  mirmal  (even  in  the  case 
with  a  total  of  2400.  there  were  small  mononuclears,  \7,i  ]ier  cent.;  IarK<'  uiiiiio- 
nuclears  and  transit ionals.  3,9  per  cent. ;  poly morphoiuic  (ears,  77.  [  |ier  cent. ; 
eosinophlles,  1.8  per  cent.). 

It  is  interesting  that  when  they  left  the  hospital  all  ('}  cases  thus  exiiminedf 
had  gained  practically  the  same,  only  Ijclween  ijOO.OOO  and  l,7itMJ'JH  cells;  im;iu. 
1,100,000, 

The  explanation  of  the  i!ecrea.sc  of  typical  cases  of  rhlurosis  is  a 
much  mooted  one.  but  we  suspect  it  is  the  vasl  increase  nf  p:ilfut  mcdi 
cines  during  the  past  ten  years  which  <'<>ni:iin  iniii. 

The  PLATELETS  are  increased,  as  a  rule:  in  fari,  in  nn  r'lrjdili'Hi  ;irc 
they  as  numerous  as  here.    They  aKn  arc  I;irj.'c  in  si/e. 

The  specific  gravity  of  the  bliwd  is  luw.  sfntirhtru-s  n-.'irhrnt^  <".V'- 
TTiis  is  due  to  the  loss  f>f  ha:moglol(in.  and  in  lliis  disc.iM'  :t\'-uv  d'xs  ihc 
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specific  gravity  run  parallel  to  the  hremoglobin  content,  Grawiti  mis 
[hat  il  varies  from  1035  lu  1045;  others  put  the  tigurcs  at  loju  u 
1050.    Grawitz  says  that  if  it  is  under  1035  there  is  some  coinplicsiwn 

The  alktilinity  of  the  blood  is  normal. 

llie  isoloniclly  uf  the  cells  is  low. 

Ill  the  serum  there  is  very  little  change,  since  there  is  no  bloolld^ 
strijction,  a  feature  which  usually  affects  the  plasma  first.    Tliere  is  00 
hydrjemia  in  chlorosis,  yel  the  total  plasma  seems  increased  (poly- 
plasmia).   As  the  case  improves,  the  number  of  the  re<ls  rises  rapidly 
to  nornial;  that  is,  "the  an.-eraia  is  first  cured"  (Grabcr).  then  mote 
slowly  are  these  li{;ht-weight  cells  replaced  by  those  more  normal  in 
size  and  shape  and  in  hxmoglobin  content.    Yet  these  variations  in  the 
count  need  not  mean  a  new  formation  of  cells  alone,  since  ihe  plasina 
changes  must  not  be  neglected;  in  fact,  the  first  sign  of  improvcnittit 
is  an  increase  of  specific  gravity  and  an  increased  count  due  to  tlie  (lis* 
appearance  of  some  of  the  plasma,  as  shown  by  ihe  polyuria  and  the  dis- 
appearance of  u:dema.    Later  the  signs  of  regeneration  appear,  also  the 
gradual  elimination  of  the  faulty  cells,  the  appearance  of  more  normal 
ones,  and  the  rise  of  leucocytes  to  even  aliove  normal. 

Leukaemia.— Leiikxmia  is  a  disease  marked  by  the  constant  pres- 
ence in  the  blood  of  granular  mononuclears  or  an  increase  of  the  non- 
granular cells  with  round  nuclei,  the  imm.itiire  cells  of  the  blotnl- 
building  organs  which  are  not  normally  present  in  the  iieriplieral  hKxKl, 
The  blood  formula  is  markedly  changed.  Tliere  is.  as  a  mic.  also  a 
great  increase  in  the  total  number  of  the  leucocytes,  and  yet  during 
the  periods  in  which  the  count  is  normal  the  diagnosis  can  often  be 
made  from  the  large  numbers  of  these  abnormal  cells  present. 

Leuka-mia  is  rated  among  the  primary  an.xmias.  although  the  dimi- 
nution in  the  red  count  is  not  an  essential  feature.  The  reason  perhaps 
for  the  emphasis  upon  the  anaemia  is  the  old  view  that  these  white 
cells  were  immature  red  cells  which  had  failed  to  develop  b.-en)oglobin 
(  Virchow ) .  Interestingly  enough,  for  certain  case*  of  acute  leukemia 
there  is  now  a  reversion  to  this  idea  by  some  writers,  tlie  similarity  in 
shape  of  the  normoblasts  and  the  lympliocyles.  and  the  percentage  rela- 
tions both  in  the  marrow  and  in  the  blood  indicating  lliat  [wrhajw  ilw 
mother  cell  of  both  is  increased  and  produces  the  white  ceils  chieflv." 
Apart  from  this,  the  cachexia,  which  always  arises  sooner  or  later,  is  a 
very  important  feature  of  the  disease. 

Anatomically,  it  is  a  disease  with  lesions  of  the  hnematopoietic 
organs  only.  Formerly  It  was  the  pathological  picture  which  was  the 
most  important,  then  the  blofxl  picture:  as  a  fact,  both  are  important, 
since  the  latter  is  not  the  disease,  but  a  sj-mptom  of  the  former, 

According  to  the  blood  picture  three  forms  may  be  separated ; 
"See   R«J.   Amer    Jotir.   Med.   Sci ,  October,    iqoi. 
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( 1 )  LympKatic  IctikaMnia,  "  Iymplt,-emia,"  in  which  tlie  increase  i& 
of  the  non-granular  cclb. 

(2)  Splcnomyclogenous  letiluemia,  "  myel*niia,"  or  "true  leuksc- 
mia."  with  an  absolute  increase  of  all  forms,  but  especially  wiih  the 
presence  of  the  uioiionudear  granular  cells, 

(3J  Mixed  leukaemia,  in  which  both  the  granular  and  non-granular 
munoDuclear  cells  are  increased. 

Of  all  three  forms  may  occur  cases  of  acute  lciik.xmia  (see  page 
552)- 

Whether  the  diieasc  is  a  disease  of  (he  lymph- glands  on  the  one  hand,  and 
the  tKrne-marrow  on  the  other,  or  whether  luith  non-g'aniitar  atid  Kranular  cellSi 
MiM  in  Ihc  marrow  alone,  is  a  question  tor  the  [ihysiologijts  to  decide.  From  a 
hxmalu logical  point  of  view  ii  i<  to  be  cmpliai'ited  thai  the  abnormal  cells  are 
always  younn  forms:  that  (or  many  of  the  non-granular,  mononuclear  cells  the 
name  l>-mphoc)rlc  i*  a  mitngmcr;  that  in  the  myelogenous  and  mixed  leukKniiaa 
all  forms  of  leiieotyles  art  Involved;  and  it  i*  only  in  the  so-called  lymphatic 
leukxmia  thai  one  group  alone  i>   increased. 

'  Leukitmia  differs  from  leucocytosis  not  so  much  because  of  the 
higher  white  cotmt  as  of  the  presence  of  large  numbers  of  these 
unripe  cells,  and  also  of  its  chrouicity.  In  the  intermissions  the  diag- 
nusis  can  often  still  be  made  from  the  differential  count. 

There  is  a  tendency  now  to  group  all  forms  in  one.  and  pathologi- 
cally tliis  may  be  justified,  but  not  clinically,  tor  there  the  line  is  gen- 
erally ijuite  sharp  between  the  myclugenous  and  lymphatic  forms, 
although  some  (Wolf  especially)'"  claim  to  have  demonstrated  the 
transition  from  a  lymphatic  to  a  myelogenous  type,  and  the  reverse 
change  seems  to  be  even  more  common.  In  claiming  such  transitions, 
Wolff  insists  that  cases  in  children  must  be  excluded;  a  coexistent 
leucocytosis  and  lymphatic  leukemia  must  be  thought  of :  and  consid- 
ers that  one  may  recognize  non-granular  myelocytes.  Grawitz  sums 
up  the  question  thus :  that  lcuk,-Emia  is  one  disease,  with  various  symp- 
toms and  various  blood  pictures,  and  with  but  one  law.  and  that  is  its 
lawhrssness. 

Splcnomyclogenous  Leukaemia  (Plate  I). — In  this  disease  there 
is  a  marked  increase  of  M  the  granular  cells,  especially  neutrophiles. 
also  of  cosinophilcs  and  ba>ophiles,  and  especially  of  the  young  forms 
of  these  cells  with  spherical  or  but  slightly  indented  nuclei.  The  non- 
granular cells  arc  also  very  much  Increased. 

Total  Blood. —  In  many  cases  of  this  form  of  leukxniia  there  is 
ceruinly  an  increase  in  the  total  volume  of  blood,  as  is  shown  before 
death  by  the  dilatation  of  the  veins,  as  well  as  at  the  autopsy  table. 
Later  on.  however,  in  oilier  cases,  as  death  approaches^  a  diminution  in 
the  total  blood  volume  seems  to  occur. 

"Zeit.   I,  klin,  Med.    iBgi.  voL  xlv. 
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Grossly,  llie  blnod  luoVs  normal  even  wlien  the  Icucoc\t«  are 
almost  eijiial  in  nuinlicr  to  the  red  bloi^il-cells.  In  extreme  ca^es  ri  \ai 
a  pale,  more  opaque  look,  ami  flows  sliiggishly.  Cases  have  b«n  ^l^ 
scrilxrti  in  which  the  fresh  drop  resembled  "  chocolate  mixcil  with 
cream."  This  nuwi  Ijc  very  rare,  as  so  many  have  never  seen  ii,  ii  is 
prohahly  due  to  ha;moclohina;mia.  When  making  smears  the  Uooii 
seems  thick :  heiite  it  is  hard  to  get  pood  preparations  ( which  appear 
granular)  :  the  diagnosis  has  often  been  made  in  this  way.  If  the 
blood  be  allowed  to  settle  and  coagulate,  there  will  fonn  a  grayish- 
while  layer  on  the  top  of  the  clot,  which  may  suggest  the  diagnosis. 
Coagnlati'm  is  -flow,  and  in  the  severe  cases  sometimes  absent. 

Red  Blood-Cells. — .\s  a  nilc  these  arc  diminished  (Grawitz  said 
always  unless  some  factor  concentrating  the  blood  was  present).  In 
Taylor's  cases  there  were  none  above  4.000.000.  Very  rarely  i*  the 
coiuit  normal ;  very  rarely  is  it  much  diminished,  and  yet  sometimes  it 
is.  The  cachexia,  slight  jaundice,  increased  urinary  pigment,  and  the 
deposit  of  iron  in  the  various  organs  show  that  a  toxic  lisemoly^in  ii 
present.  Calxit's  average  count  was  3,120,000;  Osier's.  2.850,00ft 
In  i)  recent  ca^es  with  1 1  admissions,  the  lowest  count  was  1.640.000; 
the  highest.  3.800.000:  mean.  j.8oo.ooo.  .\s  the  leucocytes  increaw 
the  reds  decrease,  ant!  t'icc  versa.  There  are  e.xccptions,  liowever.  ami 
the  count  may  remain  almost  normal  for  a  long  time,  some  cases  ai 
5,000.000.  The  anreiiiia  maj'  be  due  panly  to  the  hemorrhages,  which 
arc  so  conmion,  or  to  the  albmninuria  and  the  diarrbcM.  Tlie  count 
may  Iw  almost  as  low  as  in  pernicious  an;emia.  and  attention  is  calltd 
to  the  fact  that  this  oligocythsemia  persists  during  those  ]jerio(ls  it 
which  the  leucocyte  count  is  normal  and  the  patient  feels  better.  If  llie 
patient  is  seen  for  the  fir^t  lime  at  this  period,  the  diagnosis  of  jwr- 
nicious  3na;mia  would  certainly  with  justice  he  made  (Taylor).  TTw 
subjective  condition  of  the  patients  dcjHaids  little  on  the  count  of  rtJ 
cells,  since  they  are  ready  to  go  home  when  this  has  changed  but  Ittllt 

QiAUTATivE  Changes. — The  aniemia  is  of  the  chlorotic  variety, 
the  cells  being  pale,  with  little  hannoglobin.  Tliis  is  Ijcst  seen  if  stained 
with  indulin  or  nigrosin.  niere  is  remarkably  little  degeneration, 
although  the  cmloglobular  areas  do  occur.  .Micrncyles  and  macroc)tts 
are  rare;  poikilocytcs  occur  in  all  cases,  hut  not  many  as  a  nde.  Tlir 
|K>lychromatopIiilie  degeneration  and  the  basophilic  granules  are  ciim- 
mon,  yet  in  some  severe  cases  the  reds  are  perfectly  normal,  and 
when  at  the  most  they  are  still  not  numerous,  Bicrmer's  test  wa.* 
found  positive  in  txvo  cases. 

Nucleated  Reds. — These  cells  arc  remarkably  mmierous  consiil- 
crtng  the  mild  grade  of  the  anarmia:  in  fad.  this  is  the  condition  fw 
exccHctii-e  in  which  to  study  Them,  as  there  is  no  disease  in  which 
normoblasts  occur  more  constantly;  yet  iheir  absence  is  not  .igainst 
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lis  diagnosis.  McgaloWasts  arc  also  common  and  sometimes  many 
in  number;  also  gigantoblasts,  wliich  may  reacJi  20  microns  in  diam- 
eter :  yet  this  megaloblastic  feature  is  not  so  marked  as  it  is  in  perni- 
cious an^eniia.  Microblasis  occnr.  Karycikinetic  figures  are  common  in 
all  stages  of  division,  and  are  bcsl  studied  lierc.  Of  Taylor's  16  cases. 
ill  i  the  number  of  nucleated  reds  varic<l  from  60,000  to  70.000  per 
cubic  millinieirc.  and  one  of  the  first  effects  of  tbe  arsenic  was  to  reduce 
the  numlwr  of  tlicsc  cells.  ,\i  the  end  there  may  lie  but  a  few  or  an 
increased  number  of  tliesc  cells.  It  is  of  interest  that  accompanying 
marked  rises  in  the  white  count  the  nucleated  reds  rise  roughly  par- 
allel. 

The  hsMnoglobin  is  reduced,  the  color-index  licing  about  0.6. 
Osier's  average  of  hajmoglobin  was  42  per  cent.  In  9  receiu  ca,ses  the 
mean  was  30;  index,  0.54.  This  is  hard  to  determine,  since  the  leuco- 
cytes render  the  blood  so  opaque  that  many  of  the  figures  may  have 
been  \vr(>ng. 

LeiKocytea. — From  the  appearance  of  the  fresh  specimen  the  diag- 
nosis ntiy  sometimes  be  made  at  a  glance,  not  from  the  large  number 
of  leucrjcyies.  but  from  the  large  number  of  immature  cells  nornwily 
not  present  in  the  blond.  One  may  have  a  simple  Icncocytosis  as  high 
as  some  cases  of  leukemia,  cases  nf  leuksemia  with  normal  counts,  and 
some  |)ost-fcbrilc  cases  with  a  blood  formula  which  for  a  time  suggests 
kukiYtnia. 

Counts  of  soo,(HK>  are  not  rare.  Cabot's  average  at  the  time  of  the 
first  visit  was  438.000:  Osier's.  298.700.  'llie  coimis  vary,  yet  not  as 
much  during  one  admission  as  would  lie  supposed,  the  daily  counts 
maintaining  approximately  the  same  level  for  weeks,  and  during  the 
same  day  we  have  not  seen  the  great  variations  spoken  nf  ( r.g,.  on  one 
day  tbe  blood  was  counted  each  four  hours:  146.000,  134,000.  141.900, 
l43>2O0).  Some  arc  cases  with  quite  unifoniily  high  counts — over 
400,000;  hut  the  most  have  moderate  counts, — from  100,000  to  300.- 
000  (63  ])er  cent,  of  51  cases),  while  fewer  arc  bt-low  100,000.  One 
case  may  belong  at  different  times  to  each  of  these  groups,  but  during 
one  hospital  admission  it  keeps  at  a  fairly  constant  count.  There  are 
periods  when  it  is  even  normal,  yet  with  the  fonnnla  pathological  as  a 
nile.  although  not  always.  (In  three  of  Taylor's  cases  there  were  no 
qualitative  changes, )  In  some  other  conditions  ncutropbile  myelocvies 
occur,  but  not  with  increased  cosinophiles  and  basopbiles;  while  mono- 
nuclear eosinophiles  are  rare  in  other  conditions. 

DiFFRRENTiAi.  Coi'NT. — .Ml  tlic  cclls  of  normal  marrow  appear  in 
the  blood.  .-Xmong  these  are  ncutrophilc  myelocytes  m  enorninus  num- 
bers, usually  the  predominating  cell.  TIte  very  large  myelocytes  occur, 
with  a  large  ebromaiin-ponr  nucleus  which  stains  palely,  is  hard  to 
make  out,  and  is  often  in  an  eccentric  position ;  these  cells  are  seen  only 
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icry  unequal  size  and  density  of  stain  arc  paihngnomonic  of  mj-clo- 
cytlwmia.  In  souk  cas<»  ilu-  protoplasm  is  sivullen.  Iiyaline.  ur  I'acuo 
lated.  Nuclei  surronitded  by  granules  scattered  widely  through  ihe 
plai^nia,  the  protoplasm  c\i(lent!y  luving  disappeared,  arc  very  cinraiiun 
pictures.  In  the  nuclei,  karyulysis,  v»ciiolutii>n  and  karyorrhexii  m 
common ;  pyciiosis  peihaps  less  so.  Degenerated  leucocytes  are  always 
present  in  lcuk:eniia. 

Ill  the  diagnosis  tlit-  point  upuii  which  emphasis  was  formerly  laid 
to  rlisEiiigtiish  il  from  an  extreme  leiicncytosis  was  the  large  nimil«r  ot 
white  cells,  This  distinction  d<ies  not  in  the  least  hold,  since  there  Bre 
periods  of  leukemia  with  a  cunnt  normal  or  even  suhnonnaK  aiul  itl 
during  this  time  the  formula  may  lie  that  of  Iciik.'emia.  The  ]>k«ik« 
of  niyelocjtes  alone  does  not  give  the  diagnmis,  since  in  cases  of  ex- 
treme tenciKylosis  a  few  myelocytes  will  nsually  he  present.  Thfs* 
niycIcKytes,  however,  arc  nsually  ahoni  the  size  of  the  ordinary  Icuo 
cyte.  and  are  never  the  very  large  cells  which  occur  in  lenkarmia;  al^o 
ea'iinophiles  and  Masizellcn  are  not  increased.  The  chagnosis  is  et|ic- 
cially  difficult  in  children.    In  some  cases  autopsy  alone  will  decide  ii. 

A  recent  case  on  first  admission  lia<l  443.000  leucocytes:  wa*  rt- 
admitted  in  fourteen  months  with  a  count  of  9700;  the  c<}uiit  roiuinci 
low  till  Uis  discliarge  twenty  days  later  with  100.000.  On  the  dayniili 
the  lowest  count.  6000.  the  differential  was:  s.  m..  3.8  per  cent.;  1.  "'■ 
and  tr..  3.6  per  cent.;  pm.  n..  70.8  per  cent.;  eos..  3.8  i>er  cem ; 
neutroph.  myeloc.,  8  ]>er  cent.;  Mastzellen.  7.6  per  cent:  nonii" 
blasts,  23;  intermediates.  15;  megaloblasts,  5  (per  1000  leucocytes'. 
Hence  even  at  this  lime  n  diagnosis  could  have  been  made. 

Variations  in  the  count  arc  extreme  over  long  periods  of  time;  the 
daily  ^'ariations  are  sometimes  considerable,  as  in  one  case  rcpo^t^i, 
with  122.500  at  ten  a.m.,  at  four  p.m.  on  the  same  day  the  coiini 
was  235,000. 

With  improvement  in  the  condition  the  cmml  m.^y  drop  almost  tr. 
normal.  At  this  time  the  formula  should  help  in  the  diagnosis,  aii'l 
yet  this  is  not  always  tnte.  since  in  some  cases  the  characteristic  bit"! 
picture  has  entirely  disajJiieared.  During  such  a  period  it  would  be 
impossible  to  difTcremiatc  a  rjise  with  low  red  count  from  one  of  [KT- 
nicious  anxmia  by  the  blood  alone:  and,  indeed,  there  are  cases  «- 
ported  of  a  trans  fonnat  ion  tn  pernicious  an:cmia  and  tw  vwd- 
Following  the  long-continued  use  of  arsenic  the  cotmt  drops  in  ' 
remarkable  way,  to  rise  at  once  after  the  drug  is  discontinued.  TSrlt 
mentions  a  case  "  iti  which  the  leucocytes  rangeil  fnmi  258,000  t" 
370.000.  -After  arsenic  treatment  they  fell  to  3000  to  6000  (0.5  pf 
cent,  myelocytes,  6.fi  per  cent.  Mastitellen ).  Ixha  question  how  nwc'' 
imprfwement  this  indicates,  as  il  may  be  an  "  exhaustion"  of  tltc  Uw 
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marrow.  Following  X-ray  tre-itnieiil  remnrkable  ilrq>s  have  been 
rejxjneii.  even  from  693.000  to  6300:  ihc  lcnka:mic  character,  hnw- 
Evcr,  was  ne\er  lost,  llic  red  cells  rose  to  nearly  double  in  this  case 
(Joachin  and  Kiirpjuweit). 

Tlie  iiifectioiis  diseases  which  are  survived,  and  thi^*  is  rare,  have  a 
remarkable  effect  not  only  on  the  blix>d  picture  but  also  upon  the  blood- 
forming  organs.  This  is  particnlarly  tnie  of  typhoid  fever,  inlliienza, 
iiiliary  tnljcrculosis.  1/  a!.  Chronic  tulrcrciilosis  has  very  little  inllii- 
.■ncc.  In  iJock's  case,'*  ihie  to  grip,  the  cells  /ell  from  367.000  to  5000. 
:hen  in  six  weeks  returned  to  157.000.  and  in  one  year  to  461.000.  Tlie 
fall  is  soinetiniis  extreme,  as  from  40,o<x>  to  470.  Some  cases  preserve 
llie  letiksmic  formula,  others  do  not.  Uiirtng  the  acute  infection,  when 
the  count  falls  almatt  10  normal,  there  is  also  a  remarkable  reduction 
in  the  size  of  the  blood-building  organs,  .ind  both  sometimes  return  to 
tlieir  foniier  condition  in  a  few  days  after  the  infection  is  jrast;  but 
not  always,  asi  in  a  case  reported  by  McCrae;  and  others  are  on  record 

t which  at  autopsy  all  signs  of  Icnka-mia  had  disappeared  from  the 
le-marrow.  In  other  cases,  however,  there  is  a  rise  instead  of  a  fall, 
IS  in  Miiller's  case  of  sepsis  the  leucocytes  dropped  from  246.900  to 
57,300.  then  rose;  in  v.  Limbeck's  case  of  pneumonia  they  fell  from 
140.000  to  43,500.  and  then,  as  the  other  lung  became  involved,  rose 
X>  17J.000.  A%  the  count  drops  the  percentage  of  polymorphonuclears 
"iscs,  tlic  picture  thus  approaching  that  of  a  li;uc<Jcytosis. 

Late  in  the  <lisease  there  may  be  a  marked  predominance  of  the 
arge  non-granular  leucocytes,  and  there  is  good  reason  for  the  opinion 
:hat  some  of  these  are  myelocjtes  without  granulation,  as  if  the  Ijody 
lad  lost  its  power  to  form  the  neutropbile  material  (  Ehrlich), 

Platelets — In  this  form  of  leukaemia  the  platelets  are  markedly 
increased,  even  reach  their  maximum. 

The  n'afcr  coulcul  is  increased  to  81  to  88  per  cent. 

The  specific  gravity  is  low.  even  1036;  that  of  the  plasma  aboiit 
normal. 

The  alkaUuiiy  i*  sonitwliat  decrMswl  by  ihc  Arsanic  neid*  fomieJ  (rnm  ihc 
bmking  down  nf  leucocyici.  ronnic.  ncctic.  tactic,  and  succinic  acidx  li.ivr  ticcn 
Cpand  in  the  plaMiia  TIic  x.mrhin  lioili»  of  the  |>t.i<mn  nrc  iiirrcatttl.  Dciiicro- 
fftutnoict  have  Wtii  found,  Tlicie  are  not  prcwnl  in  lymplialic  Iciiliicnii.i.  anti 
ire  tujiposcd  lo  lie  iliKt^tive  prnijiict*  of  the  leiirocyirs  from  n  fermcm  prnviiltd  hy 
the  polymorphonuclear  celli.  Taylor  layj  thai  ihe  nitrogen  of  ihc  leucocyte*  ia 
a!nia«i  double.  Kiicteo-atbiiiniii  ii-  [■•iind  in  ih«  ^I-^llcn,  and  uric  acid.  22.<>  nig.  per 
100  cc.  Coaniilalion  is  increnied.  in  one  cnic  ^o  itiiich  ^n  ihiit  the  red  hlood-celh 
could  not  be  counted  wiili  a  pipclic. 

Lymphatic  Leukaemia  (Lymphaemia)    ("Plate  II.  A.  B.  O. — In 
lis  form  of  leiik.'cinia  is  a  marked  increase  of  the  mononuclear  non- 
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granular  cells.  Despite  the  name,  these  cells  are  not  all  lymphocytes 
even  in  morphology,  to  say  nothing  of  origin,  but  are  mononuclear, 
non-granular  cells  of  many  sizes  and  forms.  As  a  rule,  while  a  variety 
of  such  cells  are  present,  there  is  usually  a  predominance  of  one  partic- 
ular size ;  in  some  cases,  the  small  mononuclear  cells  with  a  very  nar- 
row ragged  rim  of  protoplasm;  in  others  the  cells  are  all  of  the  large 
lymphatic  type;  in  other  cases  the  majority  of  the  cells  resemble  the 
transparents,  and  in  still  others  the  transitionals  of  Uskow.  In  some 
cases  the  protoplasm  of  these  large  cells  is  basophilic;  in  other  cases 
it  is  distinctly  acidophilic;  sometimes  enormous  cells  are  found. 

As  a  rule  there  is  a  proliferation  of  the  lymphatic  tissue  of  the 
body,  and  yet  not  always,  as  is  seen  in  some  cases  in  which  no  hinph- 
glands  are  enlarged.  In  some  of  these  cases  there  may  be  considerable 
proliferation  of  the  large  masses  along  the  intestines;  in  still  other 
cases  the  lesion  seems  limited  to  the  bone-marrow.  Some  interesting 
cases  begin  with  a  great  enlargement  of  the  lymph-glands,  the  Wool 
picture  appearing  later  and  coincident  with  it  a  dimiimtion  in  size  of 
these  glands.  Such  was  a  recent  case,  who  in  September  showed  nor- 
mal blood  and  a  general  enlargement  of  the  lympii-glands.  The  fol- 
lowing January  he  was  readmitted  with  a  leucocyte  count  of  110,000, 
chiefly  the  small  cell  variety.  It  is  possible  that  the  leukaemia  does  not 
begin  till  the  disease  of  the  lymph-glands  has  reached  the  marroiv 
(Pappenheim). 

Red  Blood-Cella.— There  is  a  much  greater  anaemia   in  this  form 
than  in  the  splcnoniyelogenous,  and  yel  here  also  the  count  may  remain 
normal  for  some  time:   later,  however,  cachexia  with  an;cniia  he|^ill^• 
In  two  of  the  chronic  cases  the  count  remained  above  4,000.000  during 
a  long  stay  in  the  hos]>Ltai  and  until  death.     A  reniarknble  case  is  re- 
ported  (verbally)   by  Dr.  Ilazcn,  of  eighteen  mnntlis'  (hiration,  with 
reds  960.000,  leucocytes  250.000,  nearly  all  of  the  small  lyni[)hocyie 
variety.     Cabot's  average  on  first  adniission  was  ^."^o.ooo;  C)>ler'>. 
2.21)4,000;    (he  average  given  by  Hir;;  and  Lahbe  is   1,829.000;  by 
Petit  and   Weil,    1.292,000.    The  greatest  reduction  occurs   in   case- 
wbich  show  at  autopsy  the  bone-marrow  most  involved,  and  in  the 
acute  cases,  and  the  mure  acute  the  ca?;e  the  less  tlie  glandular  enlarge- 
ment.    Nucleated  reds  are  rare,  sotnetinies  absent,  yet  in  the  vcrv  -e- 
vcre  cases  there  may  be  as  many  as  in  the  splenomyelogenoiis  varietv. 
In  one  of  our  cases,  with  a  total  white  count  of  12,000,  there  were  150 
nornioblasts,   169  iiiterruc<liates,  and  20  mcgaloblasts  per   1000  lenco- 
cytcs, — ;i  typical  megnlohlaslic  crisis.     V.  Limbeck  describes  them  as 
astonishingly  scarce. 

The   red   counis   rcninin  very   constant,  often   despiie  great   flucttiation=   in   th< 
whitt   cells    (I'.y.,   J.640,000   red   ctlls.    [05,000   leucocytes;     in   nine    days    2,750,000 
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Ms  aiw!  iJSJBaO:  tao  wcckv  Init-r.  3,892.000  icds,  410,000  wliitet;  and  again  in  t«ro 
da)'h.  J.gsti.ooo  and  460,000  whites). 

In  a  ca»c  mih  pleural  and  Hsciiic  l^uid^  (chylous)  repeatedly  tap[)ed.  proiuic 
dianhcea.  and  death  from  streplocoeeiw  icpticarwia.  the  while  cells  showed  very 
ilight  vanationi,  t33-400  at  adiniMion  rising  to  34^.000,  and  nt  death  133,000;  the 
red  celli  oftcti  above  j,ooo,ooo,  from  4,9Ij,o>jo  va  adini»sion  to  S,34o,ooo  at  dcntli. 

Tlic  bxrooglobin  is  climiiiishctl.  Osier's  avcrafic  beiiiR  37  per  cent. 

The  tcucocytesfire  increased,  on  an  average  to  144,800  (Osier)  or 
I4I,0(X>  iCabtH).  In  this  form  also  there  may  Ire  alciikxmic  periods, 
whicii  may  last  even  six  niontlis.  Jiist  before  ilcath  the  coimt  usually 
rises.  One  of  our  cases  during  the  last  ten  weeks  hefurc  death  had  a 
Icitcupcnia  of  even  njoo  cells.  The  count  may  be  as  high  as  in  the 
myelogenous  form,  but  this  is  rare. 

DtFFRRRNTiAL  CoCNT. — Grawilz  classifies  the  cases,  as  tlio-w  In 
whicli  the  increase  is  especially  of  the  .imall  mononuclears;  those  with 
an  increase  of  medium-sized  cells  with  basophilic  homogeneous  proto- 
plasm ;  those  in  which  the  cells  which  predominate  are  very  large  and. 
for  the  most  part,  degenerated.  Yet  all  these  forms  in;iy  occur  to- 
gether in  var>-ing  percaiiage,  and  vary  in  the  same  case  at  different 
stages,  (or  the  case  may  start  as  a  targc-celled  form  and  end  as  a  small. 
Roser  tliinks  that  in  cases  in  which  the  lymph-glands  arc  particularly 
involved  it  is  the  smaller  cells  which  are  increased,  e.g.,  99  per  cent,  of 
117.000;  and  in  those  in  which  the  lesion  is  particularly  of  the  bone- 
marrow,  tlie  larger  cells.  Grawitz  mentions  an  increase  of  the  larger 
cells  as  simultaneous  with  a  decrease  in  size  of  the  lymph-gland.  Tliese 
mononuclear  cells  are  often  90  per  cent,  of  the  total  number,  even  98 
l>cr  cent.,  and  in  one  of  Osier's  cases  99  per  cent.  A  marked  feature  of 
the  blood  picture  is  the  degeneration  of  these  leucocytes,  even  10  per 
cent,  and  aniemortcm  even  75  per  cent,  showing  some  sign  of  degen- 
eration, either  of  the  protoplasm,  or  pycno.sis  and  fragmentation  of  the 
nucleus.  It  is  interesting  that  so  few  cells  in  the  blood  show  mitotic 
figures,  while  in  the  bone-marrow  the  proliferation  is  very  active. 
Many  lymphocytes  are  very  small,  often  even  smaller  than  red  blootl- 
cdls.  They  stain  faintly  in  Khrlich's  stain,  deeply  in  methylene  blue ; 
the  protoplasm  is  scarcely  seen,  or  is  raggetl  and  degenerated,  the 
nuclei  round  or  indented,  and  even  fragmented,  with  a  sharp  margin 
and  containing  clear  areas.  Woiflf  thinks  wc  should  separate  lym- 
phatic from  lymphoid  leuka-niia,  the  former  being  of  lymph-gland 
origin,  the  latter  niyelogeiion'!. 

Polymorphonuclears  are  rare.  Eosinophilc  cells  arc  noticeably 
absent.  In  a  pure  ca^e  myclncytcs  are  not  present,  although  it  is  hardly 
Vfise  to  call  the  case  mixed  lcuka;mia  if  one  Ijc  found,  Xfaslsellfit  are 
xhsent,  as  a  rule.  In  this  form  of  leukemia  also  the  result  of  an  acute 
infection  is  a  droji  of  the  total  count,  a  true  leucocytosis  may  sui>cr- 
Jcde,  and  autopsy  show  the  leuka;mia  cured.    As  a  rule,  even  when  the 
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count  is  low,  the  mononuclear  cells  will  be  90  per  cent.  VVende'scase" 
is  a  good  illustration.  The  result  of  a  streptococcus  infection  was  a 
drop  from  45,000  to  1600  leucocytes,  but  of  small  mononuclears  from 
95,3  per  cent,  to  88  per  cent.  The  result  of  an  acute  infection  is  some- 
times the  appearance  of  a  few  myelocytes.  Other  cases  show  a  marked 
increase  in  the  count,  as  in  M  tiller's  case  of  chronic  septicaemia  it  rose 
from  180,000  to  400,000. 

In  one  case  in  this  clinic  the  man  was  admitted  with  double  tenian 
malaria  and  a  lymphatic  leukaemia  of  105,000  (small  monos.,  83.6  per 
cent. ;  large  monos,  and  tr.,  7  per  cent. ;  pm.  n.,  5.8  per  cent. ;  eosino[Ji., 
0.2  per  cent.).  One  week  after  the  malaria  was  cured  the  count  rose 
to  328,000  and  two  weeks  later  to  480,000,  with  97.2  per  cent,  small 
mononuclears.  At  this  time  there  were  3  normoblasts,  3  intermediaies, 
and  4  megaloblasts  per  1000  leucocytes. 

V.  Limbeck  considers  that  the  blood  picture  alone  is  not  enough 
for  a  diagnosis,  since  in  some  cases  of  sarcoma  the  blood  presents  a 
similar  picture. 

Acute  Leukaemia. — TTiis  form  of  leukaemia,  which  has  of  late  at- 
tracted a  great  deal  of  attention,  is  characterized  by  the  brief  course,— 
from  six  days  to  nine  weeks  (leuksemia  acuta  et  acutissima).— ihe 
severity  of  the  symptoms,  the  frequency  of  the  hemorrhagic  diathesis. 
the  rapidly  developing  cachexia,  and  death.  It  occurs  chiefly  in  young 
persons.  The  great  majority  of  the  cases  are  of  the  lymphatic  ti^pe. 
but  a  few  of  the  myelogenous  variety  have  recently  been  reponed; 
other  cases  are  best  described  as  mixed.  The  cases  of  the  acute  myelo- 
genous form  arc  collected  by  Gardinier,'"  who  re]K>rts  one  and  revie^\^ 
eleven  others,  and  also  two  doubtful  cases  ( see  also  Billings  ami 
Capp).'^ 

In  all  cases  the  anremia  is  extreme,  even  below  i. 000.000  red  cells. 
and  in  Arneth's  case  J56,ooo  red?  and  10  per  cent.  iL-emoglobin. 

The   cases  of   acute   lymphatic   leuk.Tmia   are   well    reviewed  Viy 

Rosenburger.'"  and  acute  leukasmia  in  children  especiallv  In-  Churdi- 

ill.*"  who  report!^  nne  case  and  reviews  28  others.     Tlie  disease  occurs 

even  in  tlie  new-hom  child.     The  lowest  red  count  was  750,000,  alter 

a  severe  hemorrhage.     The  leucocytes  varied  from  6000  to  810,000 

(in  a  twenty-monlli-tild  child).     The  lowest  counts  came  always  just 

before  death,  which  a  falling  count  portends.     Of  these  29  acute  cases 

in  chiklren.  ^5  were  lymphatic  (2  of  the  small-ceiled  type.  3  large,  1 

mixed)  :   inyelogemms.  2  mixed,  1  uncertain.     Churcbill's  case  had  1)9 

per  cent,  small  mononuclears,  and  many  of  them  degenerated.     The 

"Am.  Jour.  Med.  Sci..  vol.  cxxii.,  1901, 

'  J^ihnn  Hopkins  Hosp,  Bull.,  October,  1904. 

'■  .-Xm   Jour.  Mcil.  Sci.,  igo.l. 

"Iliiil.,  irj04.  \<.il.  c^iwiii.  p,  58,1. 

"' lliid..  iijOA.  vol.  cxxviii. 
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"atwmia  is  profonnd.  It  is  uf  ititeresi  that  Uie  more  acute  the  case  ihc 
less  llic  ciilaryaiiciil  ni  lympli-glariils  and  splccii.  A  good  illustration 
Pfaniikuch's  case,  which  ended  fatally  in  three  days  with  reds  2,500,- 
IciKocytcs,  i,(xx},tKK)  Is.  nionos,,  76.5  per  cent.:  neutrophilic 
locytes,  10.6  per  cent. ;  Titulrupiiilc  leiifucytes.  ij.i  iJer  cent.), 
Turk's  case  is  a  good  ilhtslration  of  the  myelogenoua  form;  red 
8>  1.060,000:  hxmoglobin,  ig  per  cent.;  lciic<wytcB.  42.000  (s, 
14  per  cent. ;  ptiin.  n.,  32  per  cent.;  myelocytes,  47  per  cent.). 
The  list  of  blood  conditions  somewhat  .similar  to  the  acute  myelogenous 
leukieniia  are:  an  acute  cxaccrkition  of  a  elironic  niyelogeium.s  leukae- 
mia; a  lymphatic  leukreniia  with  an  acute  infection;  an  acute  lym- 
phatic leuka-niia  of  the  large-celled  variety  (since  it  is  not  easy  to 
iC)iarate  these  cells  from  myelocytes)  ;  an  acute  infection  causing  grave 
an.Tmia,  in  which  cise  there  may  I>e  even  14  per  cent,  of  myeliwytes; 
an  acute  exacerbation  of  pernicious  anxmia;  malignant  disease  of 
lx>ne-niarrow,  but  the  nucleated  reds  would  suggest  this  last  condition 
(BiUings  and  Capps). 

Some  of  these  cases  may  be  a  .sudden  acute  fatal  exacerbation  of  a 
hitherto  unsuspected  Icukiviiiia.  VV'ey  rqjortetl  a  case  of  the  chronic 
myelogenous  form  which  suddenly  twcamc  acute,  and  only  then  large 
non-granular  mononuclears  appeared.  In  others  the  picture  is  that  of 
an  acute  infection,  and  very  likely  soon  such  cxscs  will  not  lie  consid- 
ered as  leukemia.  Clinically  it  is  the  ana;Tnia  that  aiiraclM  attention. 
anU  the  relation  between  these  cases  and  pernicious  anaemia  is  very 

r 'merest  ing. 
There  is  no  tyjic  of  cell  characteristic  of  this  form ;  l-riinkel's  unripe 
cell  occurs  commonly,  but  by  no  means  exclusively  here;  in  3  of  Mc- 
Crae's  5  cases  the  small  lymphocytes  predominated.  The  cells  are 
much  more  uniform  than  in  the  chronic  forms,  yet  some  are  cases  with 
lar^  cells,  some  with  medium,  and  some  with  small.  In  some  nearly 
all  the  cells  have  a  basophile  protoplasm;  in  others  it  is  acidophilic 
^(Platell.  C). 

The  red  cells  show  few  changes ;  as  a  rule  nucleated  reds  are  scarce, 
'tet  in  Hcrrick's  case  were  1800  per  cubic  millimetre,  of  which  some 
were  nicgaloblasts  (but  see  McCrae's  case).    The  drop  in  count  show- 
ing rapid  blood  destruction  is  a  striking  feature, 

I!ut  in  some  cases  the  leucocyte  count  is  not  high  or  even  alrove 
normal :  then  for  diagnosis  the  l>nnpliocytes  must  be  always  high 
(Klein).    Such  cases  at  first  resemble  pernicious  anemia. 

Tlie  c*«cs  nf  acme  kul(»mia  in  ilii*  clinic  have  been  rfporlri)  liy  McCrnc." 
Thty  ntimlxTed  five,  all  of  ihe  lymphfliic  type.  Tlieir  average  Uuralior  was  iix 
weeii^.  it  varying  from  twelve  day*  W  eight  week*. 

On  adoiix^ion.  average  of  tucmngtoMn.  3^.4  per  cent.;    of  reds.  i£at/ooo;    of 

"  Brii.  MciJ,  Jour.,  February  as.  IWS. 
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leucocytes  104,000;  high«si.  326,000  (hicnioglubiii,  4}  per  cent;  teds,  jjodmm); 
luwcsl,  S7j!oo  {Ttiis,  74S.000;  lixniuiclobiii.  lO  per  I'cntJ.  In  one  ca«c.  tn  Aiica 
diy»  ilic  reris  tell  from  3.ix)0;000  lo  1^0,000  Color-index  i»  high.  0.93  to  r.4.  Tht 
■mail  inc)m)nuclur>  varied  frum  041  <"  99-4  V<^f  cent.,  and  in  ihrce  lilt  uniil 
lympliocytei  were  the  prevailing  cell,  unuttui  in  Uit»  form  of  Icukxmia.  In  m 
ca»e  occurred  many  large  lyinjihocyicJi  whicli  wcic  actively  itiotile.  NudraUd 
red*  were  absent  in  two  canet,  J  per  1000  leiieocjrlc*  were  (ound  in  Uirtt  «»o 
Hiid  in  the  tiiih  eaie  jto  [icr  1000  leucocytes;  i.^..  3720  per  cubic  roillimttrt.  ol 
which  7  per  cent,  were  menaloblasls  ami  48  per  cent,  intcnncdiatcii.  UcOk 
cnipIi3M7Cs  the  high  colnr-iitdcx  <ii  tlieie  und  of  the  casei  in  literature,  and  finds  ibl 
of  45  ca.ies  in  34  the  red  cmint  wa«  below  1.500.000.  and  in  38  of  the  45  Mc* 
3.SOO.ooa  Of  40  cAses  from  litcrHiiirc.  in  xo  the  color-index  wan  1  or  above,  in] 
in  90,  under  1.  The  low  count  and  high  index  of  the  primary  anxinias  icem  totiim 
■  tpccial  feature  of  thit  type  of  leukxims.  A  most  reniarkahle  caM  was  rwcntlj 
admitted  with  redi,  js^jyoa;  hvmogloliin,  17  per  cent.:  leucocytes,  SSaooa.  Itttr-aW 
lype- 

Of  13  cases  of  acnte  I^u1(a^mia  in  rhildrcn.  collected  by  NfcCrne."  the  anjwio 
was  severe  (highest  red  oounl.  j.j5o,ooo:  luwnl,  i.oooxioo).  cutur-iiidcx  hifl^, 
the  red  cells  were  of  normal  appearance :  no  nucleated  redt  were  found  in  ;  atn. 
few  lu  4.  and  mecaloblasts  in  but  one. 

The  leucocyte!  varied  from  11,000  to  309,000:  there  wa<  no  relation  btt»ra 
acuicncKS  and  character  of  cells.  The  abiulnte  number  of  pulymorphonucteart  oti 
about  normal  in  all  ca.ici.  In  thcue  cai^ci  the  dn;cinia  it  the  important  feature;  Ac 
lcuka;mia  wouUl  not  have  been  tudpeclcd  without  blood  cxainiiuIit»L 

Mixed  Leukaemia — Tliese  cases  may  best  be  <lescribwl  as  a  Inn- 
phatic  leiik.'eiiiia  wiili  a  considerable  minibcr  of  myclocyie*.  l»>tii 
cosinophile  and  neutropliile.  A  few  itiyelocytcs  may  occur  in  lymphatic 
leiik.'einia.  and  the  t]uestion  is  one  of  drawing  a  line. 

The  cause  of  leukzmui  i»  still  to  be  diicovered     A  few  words,  hnntvcr,  tni; 
be  said  eoncctniiig  Ldwil's  orgnniini      In  the  splenomyclogcnous  form  lie  deiCfiW 


FlC.li5^-q,  t,'.,/.  four  l>ucacirle*eiiiiiainlii|[Ldwil'>nij(3i>l*nn(n>plnirrMD  L4(iiii4l|.  t.\tnt 

cnnulat  (ami  vicuolilrd  TJ  tfil  of  lKine<inMRM. 

Hammmn-ha  teulucmiic  maaxa :  specific  bodie*  occurring  in  the  Urge  and  tifl' 
inoiionuclears.  both  non-grnniilnr  and  grnniilar,  rarely  in  the  polynioT|ihoiiucln' 
cells,  never  in  the  red*,  someiiines  free  in  the  idasma.  Thdr  »iie  vane*  inufli 
and  somclimes  all  varieiiei  in  ihe  same  celt,  This  be  considers  it  dtie  lo  inulliplf 
infection,  white  some  of  tlie  groupi  of  small  cells  he  coniider*  ei'idciKe  of  multi' 
plication.     They  are  in  or  on  the  tencocytes,  often  in  vacuoles  or  spill*  of  lh» 

"John*  Hopkins  Hotp.  Bull..  May,  igeo. 
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protoplasm.  The;  look  as  if  they  were  amceboid  when  they  died.  They  can  be 
stained  by  a  particular  method,  but  ihey  differ  much  in  their  staining  quali(ic!>. 
Navicular  bodies  or  crescent  bodies  are  found  which  first  suggested  to  Liiwit  ilie 
parasitic  nature  of  the  disease,  since  they  resembled  similar  bodies  in  the  cuccidin 
and  the  hxtnosporidia.  Ihese  were  never  found  in  other  condition.'.  He 
considers  that  he  can  exclude  artefacts.  He  found  them  in  the  blood-building 
organs,  and  states  that  he  got  positive  results  from  rabbit  inoculation. 

In  the  lymphatic  form  he  describes  Hxmamtcba  leukxmix  parva.  This  hc 
found,  however,  in  but  one  of  five  cases  studied.  They  are  smaller  than  the  pre- 
ceding, seem  more  amceboid,  are  found  especially  in  the  blood-building  organn, 
very  rarely  in  the  peripheral  blood,  points  of  resemblance  analogous  to  the  a;stivo- 
antumnal  malaria  parasite.  Those  forms  which  he  considers  scgmenlcrs  have  a 
dilTercnt  arrangement  and  fewer  segments.  In  this  form  no  resting  stage  was 
fotind,  and  he  is  not  certain  of  navicular  bodies. 

These  parasites  of  Lowit  have  been  the  subject  of  a  very  animated  discusM'in, 
particularly  between  himself  and  Tiirk  who  considers  that  they  are  much  altered 
basophile  granules  or  artefacts.  The  lechnic  to  demonstrate  them  is  diflicult  and 
his  findings  unsatisfactory.  We  would  expect  the  protozoa,  if  such  they  be,  to  show, 
as  do  others  of  a  somewhat  similar  class,  a  little  more  uniformity  in  size,  and  a  life 
history  analogous  to  theirs.  Studying  Li>wit's  plates  it  would  seem  difficult 
to  bring  order  out  of  such  a  chaos  of  forms.  By  unanimous  consent  the  question 
has  been  allowed  to  drop,  and  yet  in  the  blifod  specimens  we  have  seen  stained  with 
his  method  even  if  all  were  artefacts  they  were  beautiful  pseudopara sites, 

Pseudoleuloeniu — Under  this  heading  ha\e  been  groiii>e<l  a  great 
variety  of  diseases,  including  Hodgkin's  disease,  which  now.  by  re- 
moving a  superficial  gknd,  can  lie  easily  excluded ;  tulierctilosis  of  the 
lymph-glands,  which  can  be  recognized  by  the  tuljerculin  test ;  lymj»h<»- 
sarcoma  and  malignant  lymphomata.  which  the  pathologists  say  can 
be  recognized  anatomically.  Others  include  splenic  anjcmia.  Hence 
scaixely  anything  is  left  in  the  group  of  p.seu'lo!euka:mia,  and  it  is  the 
opinion  of  some  that  a  '  true"  pseu'ioleukxmia  is  still  Ui  l»e  pr'>ve'l 
(Reed)  ;  that  is,  a  disease  with  the  anatomical  I'eaturei  of  Ie'ika:mia. 
but  not  its  blood-changes. 

By  the  term  pseudoleukemia  i>  generally  meant  a  condition  th^ 
clinical  picture  of  which  'the  swollen  lymph-glands  and  the  cachexia j 
is  that  of  I>-mphatic  leuksemia.  but  without  its  bl'j'/'l-'ihanj.fe'-..  and  '.'irSi 
cases  are  common  en'^gh.  as  the  alci-.e  I:-t  -hoAs.  Sy^nrie  ca^<;-,  v.'r.irh 
could  be  brought  under  thi*  hea^l  arc  ccrtainiy  »:ar;y  s?ag^i  of  lyrrMin':'. 
leuksemia,  or  cases  'icrin:^  aleuk^tnic  jjeri'j'is.  y*r.  other  cavr-,  ar*: 
chronic,  even  for  eight  or  ten  ye^r-. 

Hodgkin's  Disease. — The  h'.'jfA  •.f:>J>-:r'r-  of  •'r.:-  ''.:'rA*:  an*  •'■.-/^,^. 
of  cache.xia.  In  the  eight  ca^^  rfrir,r":-[  '■,■;  VnfA  •':.'■.  r»:d  r./;-.*  ->.•:-/; 
from  3.232,000  to  i.2f^,xfffi  ''.  it'lrr :•■'.■', r.  (/r.i  '>.■*-.  vs-  >..  '.■,.-.  k.-. 
2.670,000.  fiut  aiter^Air  ii  •.—  '-■.■r:-:.  Tr.*:-f.  '>.-"■-  '■".  •'—-'■•■.r': 
somewhat  anaerr.:^.  ^.rA  '■■■  ■■'.  --.  -'■.  -z-  --.' ■Ar' :>.  '.'  '■-.    '■'  .-    >.-; 

type.     At  theonser  -'rf.  -.■■-.'  -r^.    '.*?  ;.-^^-  ^s";.-  -  .-".>.'  ■-.-  -  •   ■  -.-.-•'  : 


remain  so  despite  th* 

the  changer  of  an  --v-a-v  ■*^--  ■':>. 

the  end  a  cr,imt  a*  f-i  %=  :  '22  -fr 
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nucleated  re<ls,  ntiil  pnjkilocyles  witicli  are  noticcalily  rare  except  it 
the  late  stages.  Leucocytes  arc  slightly  increased,  averaging  abool 
12,000,  III  two  of  the  eight  cases  there  was  an  ahsohiie  increase  of 
small  nioiionnciears.  but  the  lymphocytosis  of  Pinkus  is  by  no  ineanj 
constant.  The  ina.Nhtnnn  of  the  small  mononuclears  was  3S.6  per  cent., 
the  absolute  count,  therefore.  5304,  and  the  next  highest  4(!kx)  i^fii 
per  cent.).  In  two  cases  the  small  mononuclears  were  low.  in  ont  i 
per  cent.,  or  310  cells,  in  another  9.4  per  cent.,  or  940  cells,  firawiii 
CDiisider-i  that  the  ditTereiitial  count  is  no  aid  in  diagnosis,  but  that  ^ 
slight  increase  does  ncconipany  iniprovemeni :  a  decrease,  a  decline, 

TuberculoBia  of  the  Lymph-Glands. — In  cases  of  general  glandular 
luljcrculosis  there  may  be  ii  nnriiial  red  and  leucocyte  count,  in  otlitr 
cases  a  cachexia  with  a  secondary  anjemia.  Very  inieresling  cue 
have  a  considerably  lowered  count  of  Ieuc<x:ytcs.  even  300  cells  ptr 
cubic  millimetre. 

Of  thifi  wc  have  recently  hnd  11  cakck.  Four  of  iheiie  showed  m  kucocrtont  uf 
It^oop  to  jQ,ooo.  Tlie  reii  cells  were  iliRhtly  decreased  {ttro  c»^%.  j,Soo!«»  uul 
j.700.000,  and  6  cafcn  frnm  4,000,000  m  5,000,000),  ihc  hicmoglol»iu  wi'  mwh 
reduced  and  in  0  i-a»cs  ilic  indcs  below  0.6.  As  a  rule,  there  is  no  teueocriout  uiiil 
a  «econdnty  infection  occur*. 

A  case  hkf  ilie  rulbwinc  is  a  puiilc  for  diiKnoii*.  Tile  woman,  afteil  flii 
yean,  hnd  n  red  cniini  of  4,000,000:  hicinoglobin.  510  per  cent.;  Icuencyiet,  &Xn 
She  hiid  iiibercnlusis  of  the  Iiitiks  and  iwullen  lymiili -glands,  two  of  which  •tr' 
removed  with  nn  inicrsal  of  one  yc.-ir.  and  Imih  pmnoimced  inbcrcidouf.  She  b)d 
niitht-sweais  and  luit  wcikIii.  Three  nionih»  ufter  the  above  tilood-coiuil  tlic  ilinili 
began  to  swell  enornionily :  red  celU,  j,ood,ooo:  leucocyte*,  Hoaoo,  ijb  per  cml 
of  which  were  polymnrphoiiticlcar  iieiitroplii!e<^  A  tillle  later  the  coiinl  ha<!  rv^n 
10  130,000:  lymph-glandt  and  spleen  cnormons.  She  received  X-ray  ictaliiitnl. 
and  in  three  weeks  ibe  leucocytes  were  16,000  and  the  red*  3,100,00a  Slic  d'ol 
»oon  after. 

Futclier  reported  a  ca»e  witli  leucocyte*  joo  per  cubic  niiltnnetre,  and  Ihinktihc 
blood  little  aid  in  ihe  diagnosis  between  lubctculotit  of  the  lymph -gUnili  »"l 
Hudt:kin':<  di^vaic  except  that  it  is  mure  often  normal  in  the  taller. 

LeukanEemia  is  the  name  given  by  v.  Lcube  to  a  group  of  ca«s 
formerly  grouped  by  some  with  the  acute  leukaemias,  and  by  "tlien 
with  the  peniicious  au;eniias :  the  features  of  both  are  iircscnt,  R.itber 
than  as  an  independent  blood  disea.se  it  is  considered  "^  a  synipl'MH  of 
a  large  niinilier  of  conditions. — injuines,  hemorrhagic,  iiiioxicati<m), 
infections,  malaria,  maligiiaiil  gmwihs,  etc.  There  is  severe  aii<tinii 
with  nucleated  red  of  all  varieties,  and  a  nonnal  or  iiKTea.sed  white 
count,  with  many  myelocyte*,  but  tio  eosinophiles.  Other  cases  it- 
semble  lymphatic  leukicmia. 

The  an.Tmi.i  usually  precedes  the  increase  in  white  cells. 

BLOOD  IN  ACUTE  DI.SEASES 

Malaria. — The  ati?emta  of  malaria  i-s  important  in  diagnosis,  siticeii 
is  one  of  the  earliest  symptoms,  the  count  dropping  froin  5,000.000  to 

"Luce.  Deni,  Archiv    f  Hir    Med.,  igoo,  vol,  lxxv{),  p.  21$. 
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even  500,000  in  a  few  days.  It  is  clue  both  to  the  direct  destruction  of 
the  corpuscles  by  the  intracellular  parasites  and  to  the  destruction  of 
red  blood-cells  not  containing  parasites,  liie  latter  seen  esijecially  in 
tiiose  cases  with  haenK^lobinuria,  in  which  the  lixmolysis  is  serious. 

The  red  blood-cells  decrease  after  each  paroxysm,  slightly  in  tlic 
tertian  and  the  quartan  malaria,  more  in  the  iestivo-aiitumnal  in  which 
case  there  may  be  a  drop  of  1,000,000  cells  after  one  paroxysm. 

In  54  cases  of  xstivo-autumnal  Tnalaria  ihc  red  cells  were  between  i,ooo.Oi>> 
and  2,000,000  in  two  cases,  ijooajocM  and  3.000,000  in  iz.  3,000,000  and  4,000.000 
in  20,  and  4jxo,qoo  and  5.000,000  in  12,  above  5,000,000  in  8.  In  56  cases  of  lertian 
the  figures  for  these  same  limits  were  i,  10,  28,  13,  and  4  respectively,  ll  is  seen 
tbat  in  our  cases  these  two  forms  differ  little.  The  mean  count  for  each  was 
3,500,000.     But  in  this  climate  we  seldom  see  truly  pernicious  cases. 

In  the  "  pernicious"  cases  the  count  drops  somewhat  also  between 
the  paroxysms.  In  Grassi's  case  there  was  a  loss  of  4,000,000  cells 
in  six  days.  In  one  case  the  count  at  the  end  of  thirty  <lays  was  500.- 
000.  Dionisi  reports  a  case  in  which  each  chill  cost  from  a  half  to  one 
million  red  blood-cells.  The  greatest  fall  is  in  the  earliest  paroxysms, 
later  less,  until  finally  the  count  remains  almost  staticjnary  despite 
repeated  paroxysms.  In  cases  with  pernicious  malaria  ami  hfemo- 
globinsemia  the  anaemia  is  grave,  with  poikilficytes,  en<loglohular  de- 
generations, occasional  shadows,  fairly  numerous  nucleated  reds,  in- 
creased platelets,  and  leucocytosis. 

The  regeneration  of  the  cells  in  the  tertian  and  quartan  is  rapid, 
the  count  often  being  restored  before  the  next  paroxysm,  and  anxmia 
occurring  only  after  a  long  series  of  chilis.  In  the  .-cstivo-autumnal  the 
recovery  is  slower,  the  new  cells  pale,  varying  in  size  and  shajje;  nu- 
cleated reds  are  common,  ami  since  the  amemia  is  chronic  the  regenera- 
tion is  slow,  and  grave  ansemia  may  result.  This  slowness  in  regenera- 
tion is  due  also  to  the  extensive  necrosis  and  the  resulting  fibroid 
induration  of  the  bone-marrow,  which  may  be  the  chief  seat  of  the 
infection,  and  to  the  accumulation  of  ])igment  in  this  lis.sue.  The 
haemoglobin  suffers  even  more  than  the  red  bl'X^d-cells  an'l  returns  to 
normal  more  slowly. 

The  leucoc)"tes  are  almost  always  subnormal  in  malaria,  an  im- 
portant point  in  diagnosis,  except  in  the  grave  jternicious  itaroxysm-*. 
They  rise  slightly  (to  6700.  some  say  to  a  true  leticocvtfsis )  just 
before  the  parcxysm.  and  then  steadily  fair,  reaching  a  minimum 
(average  2300)  at  the  time  the  teni|>erature  is  submirmal.  and  «>nK- 
times  to  as  low  as  1000  to  2000  cell^. 

tn  82  recent  cases  of  I'tivrj-autumnal  malaria  the  \r\i<-' >•■■/'•■  ■  ■■-.r.'-  r.'Ti-.  fr'.m 
1000  to  2000,  J :  2000105000.8;  3000  I'.  4000.  21 :  ifvfi  v- ^<f^i.  i  =  ,  -'f*i  ^i- f*^*i, 
14;  6000  to  7000.  8:  7000  to  8000.  j:  Soon  f-  f/wo.  i.  <f:^»i  "1  \'i.i**i.  2:  lAyi-.-r. 
lOAOO,  5,  one  of  these  a  pernicious  ca^e   ':4.=r»j,  :    m^an   iiivj 
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In  70  cases  of  tertian  malaria  tlie  figures  for  these  same  limits  were  2,  ;,  11, 
18.  10,  10,  5,  2,  and  2;   above  10,000,  5;    highest,  16,500;    mean,  4500. 

The  differential  count  shows  a  relative  decrease  of  the  polymor- 
phonuclear neutrophiles,  and  an  absolute  increase  of  the  large  mononu- 
clears. The  mean  averages  found  by  Thayer  are:  Small  mononu- 
clears, 16.9;  large  mononuclears,  i6.g;  poiymorphonuclear  neutro- 
philes, 65 ;  eosinophiles,  o.g  per  cent. ;  in  grave  cases,  myelocytes  2  to  3 
per  cent.  (Cabot).  The  increase  of  the  large  mononuclears,  very  pro- 
nounced in  the  apyretic  periods,  is  usually  absent  in  the  pyretic  periods. 
If  as  the  temperature  falls  these  cells  do  not  increase,  it  is  evidence 
against  malaria,  while  they  are  most  valuable  in  the  diagnosis  of  casts 
admitted  after  they  have  taken  quinine,  and  hence  without  parasites  in 
the  peripheral  blood.  In  the  tropics  Stevens  and  Christophers  say  that 
over  15  per  cent,  large  mononuclears  means  an  actual  or  a  recent 
malaria;  with  20  per  cent,  one  almost  always  finds  the  parasite.  This 
increase  affects  the  cells  which  Uskow  calls  "  transparents,"  a  groapof 
cells  which  vary  in  size  from  lymphocytes  to  the  largest  cells  of  the 
blood,  which  are  slightly  amoeboid  and  distinctly  phagocytic,  in  fact, 
the  chief  phagocytes  in  malaria,  sometimes  containing  a  few  pigment 
granules,  sometimes  many,  these  pigmented  cells  being  almost  as  im- 
portant in  diagnosis  as  is  the  parasite  itself. 

They  occur  much  of  the  time  in  the  festivo-autumnal  form  but  only  afltr  the 
paroxysm  in  tertian  and  quartan.  These  phagocytic  cells  are  said  to  rapidly  btcomt 
necrotic  and  to  disappear  from  the  circulation,  which  explains  the  diminution  in  iht 
count  al  the  end  of  an  attack, 

Stephens  and  Christophers  cite,  as  illustratinns  of  this  relation  of 
the  leucocytes,  the  following  cases :  Bastianelli's  fatal  comatose  case  of 
.-estivo-autnmnal  malaria,  in  which  the  small  mononuclears  were  19.L 
per  cent.,  the  large  mononuclears  and  transitionals,  41  per  cent. ;  poly- 
morphonuclear neutrophiles,  39  per  cent.,  and  eosinophile  cells.  0.6  per 
cent.  Pan.-^e's  case,  with  a  temperature  at  i~.2°  C,  and  the  small 
mononuclears,  18. i  per  cent.;  large  mononuclears  and  transitional j. 
26.4;  polymorphonuclear  neutrophiles.  55.3.  In  another  case  wiili 
temperature  normal  the  small  mononuclears  were  14.8  per  cent. ;  large 
mononuclears  and  transitioiials,  46.7  per  cent. :  neutrophiles.  38.5  per 
cent. 

> 

in  one  of  our  tertian  cases  the  total  leucocytes  were  16,500:  large  mononu- 
clears. ,18.3  jier  cent.;  in  ^  cnsc  of  ,T5livo-aulumnal,  leucocytes,  6000.  large  mono- 
nuclears, j6  per  tent.  :    in  another,  4000  and  22  per  eenl. 

.\  leucocytosis  occurs  rnrcly  except  in  pernicious  paroxysms.  In 
one  case  in  this  clinic  the  count  one  hour  before  death  was  50.000,  of 
which  the  large  mononuclears  and  tran.';itionals  were  18  per  cent.,  the 
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polymorphonuclear  neutrophUes,  58  per  cent.  It  ixxurs  also  in  niatarial 
hamoglobinaemia.  in  which  case  there  is  a  marked  increase  in  the  \wAy- 
morphonuclear  neutrophiles.  which  begins  witli  the  attack  ami  lasts  for 
some  time.  A  leucocjtosis  is  seen  also  tiuring  the  death  agony,  anJ  is 
due  to  complications.  There  is  a  definite  leiicocytosis  in  the  jx^st- 
malarial  anaemia,  sometimes  with  increased  ei^sinophiles  aiul  with 
myelocytes. 

Bignami  and  Dionisi  classify  ihe  aiucmias  of  malaria  a<^  follow; :  Thoso  which 
follow  ordinary  acute  malarial  fever,  in  which  there  is  a  secondary  anxmia  of  a 
chlorotic  type,  without  leucocytosis.  with  3  few  nucleated  reds,  leucocytfs  reduced, 
the  large  mononuclears  relatively  increased:  {i)  cases  resemliling  primary  perni- 
cious ansemia,  usually  fatal,  with  extreme  oligocyih.Tniia,  marked  poikiloeytosi*. 
high  color-index,  nucleated  reds  if  present  for  tlie  mo^l  pan  meKakiblasls.  leuco- 
cytes diminished,  and  lymphocytes  relatively  increased:  {3)  rapidly  fatnl  cases 
without  any  signs  of  regeneration  which  may  have  been  in  the  first  stages  those  of 
simple  secondary  anzntia.  This  anicmia  is  very  similar  to  tlmt  which  fallows  a 
severe  hemorrhage. 

(4)  Chronic  grave  secondary  anemias  of  a  chlorotic  type  and  willuiiit  nu- 
cleated reds;  leucocytes  much  reduced.  This  is  seen  in  a  chronic  malari.il  cachexia. 
and  is  due  for  the  most  part  tp  degenerative  changes  in  bone-marrow  occurring 
after  long  infections,  with  the  marrow  sclerotic  and  pigmented   (Thayer). 

Septicemia. — That  septicaemia  does  not  always  cause  a  leucocytosis 
is  seen  in  typhoid  fever  and  acute  miliary  tuberculosis,  and  yet  as  a 
rule  it  does,  but  less  constantly  and  marke<!ly  than  do  l<K"aI  pus 
accumulations.  In  the  streptococcus  and  staphylococcus  septicemias, 
however,  there  is  often  a  marked  anemia,  with  a  greater  ant!  earlier 
fall  than  in  any  other  acute  disease.  In  one  case  of  acnte  strept<woccus 
septicaemia  with  hemorrhages  (Grawitz)  the  cells  fell  to  300,000  in 
twenty-four  hours.  Septic  fevers  as  a  rule  cause  a  loss  of  from 
200,000  to  !, 000,000  cells  per  week;  that  of  puerperal  infection  has 
an  especially  bad  effect  upon  the  reds.  The  qualitative  changes  are 
marked, — degeneration,  poikilocytosis,  polychromaHiphilia,  etc. :  nu- 
cleated reds  occur  seldom  in  large  numbers.  The  leucocytes  \'ary  as 
the  patient's  resistance,  in  some  cases  being  very  high,  in  otiier  cases 
even  subnormal. 

We  have  had  26  cases  of  well-marked  sepiicajmia.  The  final  red  counts  in 
IS  fatal  cases  were  from  i.ooojMO  to  2.000,000  in  2;  2,000,000  lo  ,1,000,000  in  3; 
3,000.000  to  4,000.000  in  4 :   above  4.000,000  in  6. 

It  is  thus  seen  that  the  toxine  does  not  kill  tliroiigh  the  an.tmia  (tlic  droji  in 
count  after  admission  and  before  death  was  from  900,000  to  i,(joo,ooo>.  and  that 
there  are  two  groups  of  cases,  those  with  high  and  those  with  low  counts. 

In  4  cases  there  was  no  leucocytosis  al  death.  In  21  cases  ihe  [i-uciii'ylcs  varied 
from  11,000  to  47,000.  Some  cases  showed  great  variations  in  llu'  wliilf  oiunt. 
In  one  case  with  8000  leucocytes  g6,6  per  cent,  were  polymc)r])hnnncli'ar- :  in  another, 
of  10.400.  9i.6  per  cent.  Gonorrhfeal  scpticscmi.'i  caused  a  drup  lo  j,.uH,iicK).  with 
30  per  cent,  hemoglobin,  and  .it  de.ilh  Icucocytts,  47,000. 

Chronic  septicemia  it  is  important  to  iliagnnsc,  those  cases  of 
cryptic  origin  often  passing  unrecognized.     In  Ewing's  case  of  cm- 
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pyemia,  with  a  duration  of  one  year,  the  red  blood-cells  were  i, 800,000, 
and  the  hEemoglobin  25  per  cent.  In  other  cases  of  pelvic  abscess  of 
even  two  years'  duration  the  anaemia  is  slight. 

We  have  had  recently  four  cases  of  Typhus  Fever: 

Case  I. — Male,  thirty-six  years;  red  ceils,  5,400,000;  hasmoglobin, 
72  per  cent.;  leucocytes  on  admission,  j8,6oo;  temperature,  10310 
104°  F.  On  the  eighth  day  after  admission,  25.400;  the  temperature 
had  begun  to  fall.  Five  days  later,  temperature  normal;  total  counl. 
24,500;  s.  m.,  3.2  per  cent.;  I.  m.  and  tr.,  6.6  per  cent.;  pnin.  n., 90 
per  cent. ;   eosinoph.,  0.2  per  cent. 

Case  II, — Male,  nineteen  years ;  red  cells,  4,500,000 ;  hjemoglohin, 
70  per  cent. ;  leucocytes  on  admission,  8600,  and  remained  normal  tor 
four  days;  temperature,  102°  to  105°  F.  On  the  fifth  day.  count 
12,500;  on  the  tenth  day,  with  temperature  normal,  total,  10.000; 
s.  m.,  6  per  cent. ;  I.  m.  and  tr.,  4.2  per  cent. ;  pmn,  n.,  89.4  per  cert; 
eosinopli.,  0.2  per  cent. 

Case  III, — Male,  thirty  years;  red  cells,  5,500,000;  hsemt^Iobin, 
85  per  cent. ;  leucocytes  on  admission,  7000,  and  remained  nnrmal 
three  days;  temperature,  !Oi°  to  103°  F.  On  the  fifth  day,  38,000; 
temperature.  98"  F. ;  death  (total  count,  38,000;  s.  m.,  5.S  per  cent;l. 
m.  and  tr.,  1,2  per  cent.;  pmn.  n.,  93  per  cent,). 

C.\SE  IV. — Male,  twenty-two  years;  red  cells,  5.400,000:  hajmo- 
globin,  85  per  cent. ;  leucocytes  on  admission,  9200,  and  normal  three 
days;  temj>erature,  102°  to  104°  F.  On  the  tenth  day  they  had  risen 
to  11,600,  but  the  temperature  had  already  been  normal  three  days. 
Leucocytes  normal  on  the  twelfth  day  (total,  ninth  day,  10,800;  s,  ui., 
r5  per  cent.;  I.  ni.  and  tr.,  1  [.5  per  cent.;  pmn.  n..  72  per  cent.; 
cosinophiles,  1 .0 ;   Mat/ifllen.  0.8  per  cent, ) . 

From  these  four  cases  (daily  counts  were  made  in  all)  it  is  seen  tliat 
the  leucocytes  are  low  on  admission,  even  normal,  then  rise  to  a  maxi- 
mum, which  occurs  when  the  temperature  has  begim  to  fall  or  is 
already  normal,  then  they  fall  to  normal.  (Compare  with  influenza 
and  variola.) 

This  is  different  from  the  findings  of  Ewing  and  Thomas,  who 
report  absence  of  leucocytosis. 

Measles  and  German  measles  have  almost  no  influence  on  the  red 
blood-cells,  and  cause  no  Icucocytosis.  or  only  a  sligiit.  In  the  post- 
febrile stage  the  large  mononuclears  are  increased. 

Plantenga  claimi.  in  the  tliirleen  ca=e=  nf  mcrislc,=  and  nine  n!  Rijthpln  wfitcli 
he  stiidifcl.  ,1  nfiitropliilt  liypcrtcucncytiwj?  of  even  20,000  during  llic  prndmiiial 
staKc  whirh  rapiiUy  p.no  place  to  a  hypn Icucocytosis  during  the  erupiive  -lagc. 
due  to  the  disappearance  of  the  neiilrnphik-  cclk.  and  with  sometimes  a  lymphiiry- 
tosis  and  disappearance  of  eosinophilcs. 

Renaiid  fonnd  in  six  ca=es  thai  this  prplimiiinry  Icucocytosis  reached  iis  maiti- 
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mnn  about  six  days  before  ihe  rath  had  appcnrcd.  Tlii»  Icucocf  toxU  perniitu  one 
U  iiolatc  a  suspected  cat«  early. 

TiI«s(on  coutd  not  conlirni  thU  teucocytotis  during  the  prodromal  itage.  and 
thought  all  Icucocyio'Ci  L'uuld  be  uttribuied  lo  a  complicaiiuii. 

We  tmvc  very  little  maierial.  but  in  nine  rcccni  cases  in  only  one  uai  the  count 
aboic  8600  during  tli«  hcithi  o(  ilie  (ever  li7>'<^'- 

Scailet  fever  has  Very  Httlc  effect  upon  the  red  blood-cells,  but  docs 
cause  a  slight  anxmia.  the  count  averaging  4.500,000  ( Reckzeh ) .    Tlie 
leucocytes  arc  uniformly  increased,  an  important  point  in  diaginwis, 
rising  during  the  incubation  period,  e\'en  six  days  bci'ore  the  rash, 
and  continuing  elevated  into  convalescence  and  even  twelve  days  after 
Ihe  temperature  has  reached  normal,  an  interesting  exception  to  the 
mle  of  other  diseases  that  the  count  is  roughly  parallel  to  the  Icmpcra- 
ttire.    They  are  generally  normal  on  the  fourteenth  day  (Reckzeh). 
I       The  leucocytes  vary  from  about  10,000  to  40,000;  mild  cases.  10,000 
H  to  20,000:  moderate.  20,000  to  30.000;  severe,  30.000  to  40,000,  ac- 
^  cording  to  the  severity  of  the  case  and  its  duration.   The  neutrophile 
cells  are  relatively  increased  (to  85  to  98  per  cent.,  especially  in  fatal 
cases) ;  the  eosinophile  cells  rapidly  disappear  and  reappear  with  im- 
provement: their  failure  to  reappear  is  considered  a  bad  sign,     .^s  a 
rule  they  reach  normal  after  the  leucocytosis  has  disappeared;    (lieir 
niaxitnum  is  two  or  three  days  after  the  rash  appears.     This  early 
presence  of  eosinophilia  is  important  in  the  diagnosis,  excluding  vari- 
ous Semitic  conditions. 

Diphtherii. — In  this  disease  there  is  a  moderate  ana;mia,  a  loss  of 
about  two  million  cells  at  the  time  of  defervescence.  During  the  height 
of  the  disease,  however,  there  is  often  an  increase  in  the  count  and 
specific  gravity.  (The  injection  of  bacilli  or  their  toxines  into  the 
circulation  of  animals  causes  a  lymphagogiie  action  which  refills  in  a 
hypercythjcmi.i. )  This  hvpcrcytlL-emia  occurs  most  commonly  in  this 
of  all  the  acute  infections.  In  the  case  of  Cutter  the  cells  were 
from  7.200.000  to  7.800.000;  in  that  of  Morse  from  5.000,000  to 
5,500.000  during  the  first  week,  and  fi.fitxi.ooo  dtiring  the  second. 
With  the  droij  in  the  count  the  nucleated  reds  and  the  pnlychromato- 
philic  cells  appear.  Tliere  is  a  slight  leucocytosis — as  a  mle,  10.000  lo 
15,000.  hnl  in  severe  cases  even  17,000,  and  with  complications  30.000 
— which  varies  as  the  severity  of  the  infection.  The  leucocyte  curve 
nms  parallel  to  the  temperature,  and  its  degree  is  ronglily  parallel  to 
the  amount  of  false  membr.ine.  The  rise  is  in  the  polymorplionuclear 
cells.  In  some  fatal  cases  Ihcrc  is  leticoijenia.  Tlic  myelocytes  are 
increased,  especially  in  the  falal  cases,  to  from  3  to  tG  per  cent. 

In  onlinary  follicular  tonsillitis  the  counts  are  often  as  high  as  in 
diphtheria. 

Smallpox. — "  No  other  disease  is  so  destnicttve  to  the  red  blood- 
celh"  (  Hayem) .    The  anxmia  is  evident  as  the  temperature  falls,  and 

3« 


662  CLINICAL  DIAGNOSIS 

the  question  often  arises  whether  it  is  truly  due  to  a  destruction  of  cells 
or  merely  to  a  dilution  of  the  blood  from  the  relaxed  vasomotor  tone. 
Yet  during  the  pustular  stage  especially  there  may  be  a  loss  of  2,000,- 
000  cells.  Regeneration  is  slow,  lasting  about  fourteen  days.  In  the 
hemorrhagic  form  the  anaemia  is  severe  and  varies  with  the  amount 
of  hemorrhage.  Pick  and  Weil  say  that  there  is  anaemia  in  the  severe, 
none  in  the  mild  cases.  Malassey  says  that  the  drop  begins  in  the  pust- 
ular stage,  and  that  the  rise  begins  with  the  desiccation  or  even  during 
convalescence.  The  nucleated  reds  (normoblasts)  are  rare,  except  in 
the  hemorrhagic  form,  in  which  they  may  be  very  numerous. 

Leucocytes, — From  the  onset  with  a  normal  count  the  blood  for- 
mula is  very  characteristic  of  this  disease.  The  polymorphonuclear 
neutrophiies  are  decreased,  averaging  about  40  per  cent,  or  even  20 or 
14  per  cent. ;  the  small  mononuclears  vary  from  30  to  40  per  cent; 
the  large  mononuclears  from  4  to  10  per  cent, ;  myelocytes  and  irrita- 
tion forms  each  2  to  10  per  cent. 

The  disease  per  se  causes  no  leucocytosis,  but  during  the  pustulir 
stage  the  leucocytosis  is  said  to  be  the  result  of  the  infection  by  the 
skin  cocci. 

Tubcrculons. — Tuberculosis  is  a  disease  the  virus  of  which  can  cause 
anaemia  of  the  highest  grade  (e.g.,  v.  Limbeck's  case  of  tuberculosis  of 
the  peritoneum  and  other  abdominal  organs,  with  a  red  blood-count  of 
730,000  and  hemoglobin  25  per  cent. ;  such  cases  are  so  rare  that  this 
one  is  doubted  by  Cabot),  but  usually  one  of  moderate  grade,  one  often 
more  apparent  than  real,  and  which  may  not  exist  at  all.  The  degree 
of  the  anremia  is  independent  of  the  localization  of  the  disease. 

In  tuberculosis  in  general  a  mild  grade  of  chlorotic  ansmiais 
the  rule.  Such  occurs  in  slight  involvement  of  the  apex  ("  ansemia  oi 
onset")  without  fever,  in  tuberculosis  of  bones  and  lymph -glands. 
This  is  the  "  pseudochlorosis  tuberculosa."  The  count  is  almost 
normal,  the  leucocytes  normal,  the  haemoglobin  somewhat  reduced.  In 
other  cases  there  is  a  lymphocytosis,  absolute  or  relative;  in  some  fe>v 
ca.'^es  a  reduction  of  the  count  as  well  as  of  the  hasmoglobin.  Qualita- 
tively some  of  the  red  blood-cells  (not  the  majority,  as  in  chlorosis) 
are  seen  to  be  pale  and  small ;  poikilocytes  are  usually  few.  may  be 
extreme,  but  are  rarer  than  in  other  cachexias  of  the  same  degree: 
nucleated  reds  are  rare,  even  after  a  severe  hemorrhage  and  when  tbe 
an;emia  is  extreme,  a  point  of  importance  in  the  differential  tiia^osis 
between  this  and  carcinoma;  Maragliano's  endoglobular  degeneration 
is  seen  in  severe  cases,  especially  in  those  of  mixed  infections. 

Caboi  con-^iiders  that  (ht  tuberculous  virus  has  itself  bin  liltlc  effect  on  ttif 
blood,  .^lld  that  the  above-mentioncci  chanRes  are  due  to  secondary  infccliimf,  w 
to  drains  upon  Ihe  proteid  of  the  blood  from  diarrhtea,  eflusions,  starvation,  p'o- 
longed  supptiralion,  etc. 
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■  In  a  pure  case,  with  the  exception  perhaps  of  meningitis,  the  Icuco- 
Cj'ies  are  not  affected.  This  is  important  in  the  diagnosis  of  peritonitis, 
bone  troubles,  anti  acute  niihary  iiiberciilosis.  Quahtatively  in  some 
Eases  there  is  no  change,  and  yet  in  others  with  a  normal  count  is  seen 
the  increased  perccntafic  of  the  mononuclear  cells  common  in  all  condi- 
tions with  poor  nutrition.  If  there  is  a  lexicocj'tosis,  it  is  of  the  ordinary 
inflammatory  tjire.  The  eosinophile  cells  are  increased  in  some  cases 
with  cavity  fonnations,  and  since  this  occurs  also  after  the  injection  of 
tul)crcnlin  some  think  it  is  due  to  an  auto-inioxicatioii  from  tlic  cavity. 
Myelocytes  appear  in  advanced  cases. 

CiiRONic  TcBERCULOsis  OF  THE  LUNG. — GrawitK  has  divided 
these  cases  into  three  groups:  Group  i.  witli  slight  involvement  of  the 
I  apex,  \h-ithout  fei'cr.  showing  clear  sigits  of  anaania,  the  psendochloro 
sis  tuberculosa,  some  with  a  nonnal  count,  others  with  a  slight  reduc- 
tion, the  leucocytes  nonnal.  Some  early  cases  have  almost  nonnal 
blood.  Whether  there  is  a  group  in  which  the  blocxl  signs  precede  the 
liysical  signs  may  depend  on  the  care  with  which  the  physical  signs 
re  sought.  Group  2,  cases  of  chrmiic  phthisis  with  cavity  formation 
lilt  without  other  complications,  the  temperature  slight;  the  blood 
icture  is  remarkably  nonnal  a^  regards  count,  hjcnu^globin,  specific 
gravity,  dry  constituents,  yet  there  is  with  the  cavity  fonnation  a  gen- 
eral emaciation.  Such  a  patient  earlier  had  a  distinct  chlorosis;  the 
leucocytes  are  normal  or  slightly  increase«l,  from  lo.ooo  to  15.000  per 
Clibic  millimetre.  Group  3,  of  cases  with  hectic  fever,  suppnsed  by 
some  to  be  due  to  a  secondary  infection  but  by  others  to  pure  infection 
with  the  tubercle  bacillus.  In  these  cases  there  is  a  true  anannia,  a 
iliminution  in  the  count,  sometimes  rapid,  of  the  h.-cinogIobin  and  dried 
siibsunces,  an  anit-mia  which  progresses  often  until  death,  with  evi- 
dence of  true  blood  destruction.  The  drop  in  the  count  may  even  be 
rapid, 

In  a  reccm  «n<  of  pulmotiiity  uibcrcolosis.  two  day*  before  dfntli  the  red 
celli  were  I.J?J.O0o;  h«moKl6liin,  i;  per  rcnl, ;  leucocyte*.  9000  <pmii.  n,.  88 
pw  cent.;  <-  m,  J9  per  cent.;  1.  ni.  .nnd  ir.,  4,7  per  cent.:  eos,.  0J5  per  cciii.:  normo- 
Uui*.  4.  mcitaloblasls.  4  per  laoa  leucocyte*) 

There  is  ieucocytosis  as  a  rule,  especially  if  there  be  a  secondary 
infection  of  which  v.  Limbeck  considers  it  sufficient  guarantee,  and 
which  is  important  in  the  diagnosis.  In  the  chronic  septic?emia  form 
is  a  slight,  and  in  caseous  pneumonia  as  high  a  Icncocytosis  as  in 
croupous  pneumonia. 

Tbc  nornial  count  in  the  second  itngc  hnt  arauieij  eon>i<lern1ite  i1i«cuti)oa    A 
.ton  of  hlond  by  *weaiin|t<  diarrliora,  and  vomitiiin:  h  nol  alone  tufncJcni,. 
^^_^^   U  prcseiU,  will  Kelp,     Some  coniidcr  the  hypercj-thjcmia  n  comyitmcMOryi 
'fnttire  for  the  dyipnoea,  lince  dyspnoea  due  to  any  caiiic  produces  a  liypercylhRraiR',] 


othen  admit  »n  ansFiiiik  ivhidi  is  cuvcrtd  by  an  oli^xmia.  and  auiopaict  at  itnliup 
siiggcsl  n  diminuTiun  of  the  total  volume  of  blood.  V.  Limbeck  conw^cn  itc 
clisn^cil  walet  riiciaboluni  thv  iin|)uriaiit  point,  llic  general  dryiiqc  <■'  >!ic  tiiuxt 
concctiiiating  the  bkiod;  i.r.,  an  nligxniia  vcta  Grnwilz  conudcrx  the  abwfU^ 
producii  o[  cascou*  nodule*  to  bate  a  lymphagugue  eflccl.  lhti»  conctnlnMi  ih 
blood- 
After  liatiiiopiysis  the  regeneraiioii  may  lie  rapid  (see  page  51;); 
after  operation  on  a  tuberculous  focus  if  the  liicniogloWn  does  OM 
return  rapidly  the  operation  was  prohaldy  incomplete;  in  sonw  »>« 
the  anaemia  accompanies  Ilie  (lis.semination  of  the  bacilH:  in  others  the 
count  rises  and  one  can  find  no  parallelism  between  the  general  coodi- 
tion  of  the  patioit  and  his  bl(Hjd :  in  fibroid  phthisis,  as  a  rule,  ifwrc  is 
no  leiicocytosis:  in  acnte  phthisis  ihe  aiixmia  is  pronounced  and  pro- 
gressive. In  cases  of  cavity  formation  there  is  almost  always  3  letw- 
cytosis.  In  extensive  tuberculous  pnetmionia  some  liav«  liltle,  othen 
as  high  a  leucocytosis  as  in  croupous  pnenmonia.  Actite  miliary  tuber- 
culosis jirescnts  no  change  in  the  red  blootl-cells  or  lia;mogtobin.  wd 
the  leucocytes  usually  remain  normal,  but  in  a  few  cases  are  vtry  Iw. 
c\en  from  500  to  600  cells,  over  90  per  cent,  of  which  arc  poljm'f- 
]>honuclcar  ncutroi>hilcs. 

Tuberculosis  of  the  serous  membranes  is  accompanied  by  a  taU 
secondary  anxmia  without  leucocymsis  unless  the  blood  be  concffl- 
tratcd  by  diarrha-a.  excq>t.  perhaps,  in  some  cases  of  meningitis,  «'hidi 
is  accoinpanietl  by  a  leucocytosis  fOsler).  In  tuberculosis  of  tht 
glands  there  is  no  leucocytosis  until  caseation  begins.  The  injeclionof 
tuberculin  into  a  tuberculous  patient  causes  a  leucocytosis  with  a  re* 
of  eosinophiles.  In  tuberculosis  of  the  bones  there  is  a  marked  aleeMe 
of  leucocytosis  until  a  sccon<lary  infection  sets  in;  a  high  cwmt  indi- 
cates abscess  forniation.  but  after  the  abscess  has  become  chronic  the 
count  may  remain  nonnal  itutil  a  sccondar)-  infection  occurs.  In  thet 
Iione  cases  the  reds  are  rarely  diminished,  but  the  hxnioglobin  is  low, 

The  very  slight  an.-emia  found  in  children  is  rather  remartiaMc 
since  Iheir  blood  is  usually  so  susceptible.  Brown.**  in  73  cises.  fnuod 
the  red  blood-celts  diminished  only  in  the  long-standing  extensive  caMS 
in  very  young  persons,  but  the  hemoglobin  was  diminisbed  soiiiewtui 
in  all. 

Of  17  cases  of  AHTK  Mti.iAMV  Ti.'nrRci'iJW'i*.  ill  5  en.te*  ihr  Tcd  c«lli  <IMd 
between  .^,6oojmo  and  4.000.000.  and  in  b  over  j.ooo.ooo  The  color-index  wai  qnk 
low.  in  oiic-hatf  the  covp*  from  oj  m  0.6.  The  Ittjcocjrtes  vaflcd  from  loOOM 
gooo,  the  maJDrity  (0)  from  ,1000  Id  6000, 

One  case  liad  an  IntrreMins  differential  enunt  (total,  .ijoo:  «  m..  65  per  oA. 
1.  m.  and  Ir,  10.8  per  cent  ;  pmn.  n.,  810  per  cent  :  eo«inoplillcs.  o.S  per  «*' 
Wharnii'i  ca^c  with  lower  count.  h«d  gi^8  per  cent  pttin.  n. 

Whnrtin  reported  a  ca>e  with  leucoo'tes  ofteti  Irclou  20O0,  and  on  ont  40 
(with  a  chill)  600.  and  CaW  t  caw  with  550, 

"Trani.  Med.  Soc.  of  the  State  of  Californa,  1897,  p.  168. 
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us  UE.stK<;iTia  ii  an  illiisirniion  of  thr  general  rtilr  ilint  the  effect 
of  an  fitl(£S&n  iipoci  die  Icuencyic  cr^tint  dtrpeiK)]  purtly  <jii  the  location  of  the 
Itiion,  for  tuberculosis  of  the  meninges  usually  cauiLrs  a  leuc^icyiaiit. 

Of  15  f*f-et,  in  only  3  «»»  the  count  betow  10,000,  itnti  one  of  thctc  was  only  a 
pari  of  an  actiie  general  milinry  infection.  In  the  niher  iivo,  one  conm  rach  wnit 
iiu<I*.  The  Iciicocyic  curve  is  a  very  irrcjjular  one,  i  of  our  cases  with  high  counts 
showing  [leriodt  wilh  low  counts. 

The  lii|{ht»l  count  uas  3(>Xco. 

In  ihc  series  of  43  cftue'  reported  by  Cabol  lliert  uas  Icucocylosii  in  3a. 

TuBEi«ct-i.oifi  PERnoNiTis.— Ouiing  the  put  four  ye.irs  we  have  had  u  cases. 
Of  19  eases  in  which  the  red  cells  were  counted,  7  "ere  between  3,000.000  and 
4400.000.  and  6  between  4-ixoJXO  and  j.ooo.ooo.  The  color-index  vaned  from  0.5 
10  I.    Of  the  33  catet  there  was  a  leucocytosis  in  9  (highest  count,  23,400). 

Of  Cabot's  60  cases  there  was  a  leucocylosis  in  14. 

TuaKim'LO»i«  ii*  Bosks  and  Joists.— These  case*  nrc  reported  chiefly  from 
lurgial  dinics.  There  have  recently  been  15  cases  in  this  clinic,  with  a  kucocyto&is 
in  & 

It  i*  believed  thai  during  the  active  process  of  aliHces*  formaiion  ilicrc  is  a 
IcuGOcyluMS  which  in  lime  will  disappear,  10  reappear  in  greater  degree  if  a  sec- 
ondary infection  occurs;  hence  the  high  jump  in  [he  couth  which  is  a  measure  of 
the  sepsis  following  operation,  as  a  rule.  ihi<i  leucncylo'ls  will  soon  subside,  and 
so  lo«>g  as  the  abscess  drains  freely  either  not  appear  or  the  count  will  rtraain 
birly  low. 

Tuberculosis  of  the  lNTESTiNE.^Of  5  cases  tlicre  was  a  sec- 
ondary anwniia  in  2  (3.300,000  and  2,800,000  red  cells).  In  unc  a 
leucocylosis  of  14,000.  which  disapiwarcti  soon  after  admission. 

Two  cases  of  RENAL  TUBERCULOSIS  showcd  iio  leucocvtosis. 

One  case  of  Anui.snN's  nisE.\SE  had  red  cells.  6.O00.000;  liaitno- 
globtn,  92  per  cent.:  leucocytes.  9000,  Sometimes  there  is  m.irkcd 
ana-niia  in  this  disease. 

Typhoid  Fev«r.  Red  Blood-Cells. — In  the  fresh  blond  smear  may 
sometimes  he  found  the  very  large  phagocytic  cells  crowilcd  with  retl 
blood-ceils  which  Mallory  lia.s  emphasized.  Some  find  a  slight  rise 
of  reds  during  the  first  week,  then  a  slow  fall  to  normal,  and  at  the 
time  of  defervescence  a  true  drop.  Thayer*"  in  the  cases  of  this  clinic 
found  at  the  end  of  the  first  week  a  comU  of  alraut  5,000.000  red  cells, 
and  then  a  gradual  reduction  until  defet^escence.  when,  as  a  rule,  re- 
generation Ijegins.  In  cases  with  very  long-continued  fever  the  regen- 
eration may  begin  slightly  before  the  temperature  i*  normal.  The  loss 
of  reds  averages  i.otx),tKK)  cells.  The  end  of  the  third  week  is  tile 
average  limit  of  the  disease,  at  which  time  the  average  count  of  our 
cases  was  4,555,814.  The  fall  may  l>e  accentuated  during  the  fourth 
week.  and.  indeed,  the  usual  statement  is  that  the  .in.Tmia  liegins  at 
this  time.  During  this  period  there  are  transitory  variations  in  the 
count  due  to  vomiting,  sweating,  diarrhojft.  etc.  Following  a  severe 
hemorrhage  the  annemia  is  manifest,  and  regeneration  begins  .nt  rw 

Following  some  very  severe  cases  is  a  post-typhoid  an«t 
one  case  with  1.426.000  red  cells  during  the  fourth  week;  in 
"John*  Hopkins  Hosp.  Rep.,  vol.  viii. 
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case  1,300,000  during  the  third  week  (both  Osier's  cases),  and  one 
case  of  804,000  (Henry).  Usually  there  are  no  qualitative  changes. 
After  a  hemorrhage  are  sometimes  seen  nucleated  reds. 

There  is  always  a  more  marked  reduction  in  the  Hjemoglobih  tfian 
in  the  reds,  the  color-index,  according  to  Thayer,  varying  from  o.j  to 
0.8.  In  the  above  case  with  1,300,000  cells  the  haemoglobin  was  20 
per  cent  The  haemoglobin  runs  parallel  to  the  red  blood-cells,  bat 
returns  to  normal  more  slowly. 

The  LEUCOCYTES,  some  think,  are  slightly  increased  at  the  very  firet, 
but  apart  from  this  they  are  subnormal  during  the  whole  course,  and 
gradually  diminish  from  the  Brst  (with  6400)  to  the  (iftji  M'eek,  at 
which  time  the  average  of  our  cases  was  5386.  Some  cases  reach  200^ 
lOOO  per  cubic  millimetre,  or  even  lower,  Thayer  found  no  cases  with 
an  initial  leucocytosis.  The  longer  and  more  intense  the  infection  the 
lower  the  leucocytes.  In  still  other  cases  the  count  is  above  10,000 
throughout  the  whole  course,  cases  without  any  complication.  Then 
may  be  temporary  variations,  the  count  rising  to  10,000  <xlls  altera 
cold  bath,  e.g.,  yet  with  the  differential  count  unchanged. 

The  differential  count  for  the  first  five  weeks  shows  a  decrease  m 
the  percentage  of  polymorphonuclear  neutrophiles,  usually  to  60  pet 
cent.,  and  below  50  per  cent,  not  rarely,  and  an  increase  of  the  mono- 
nuclears, especially  the  large,  the  transparent  cells  of  Uskow,  cdb 
which  are  morphologically  not  lymphocytes,  but  which  vary  in  aa 
from  these  to  the  largest  cells  of  the  blood.     They  have  relatively 
abundant  protoplasm  and  faintly  staining  nuclei.    These  are  especially 
numerous  at  the  height  of  the  fever.     The  eosinophile  cells  are  reduced 
below  I  per  cent.,  as  a  rule,  until  con\'a!escence,  when  they  increase  to 
even  above  normal.     They  may,  however,  in  long  continued  cases, 
increase  with  the  increase  in  reds  before  the  temperature  is  normal. 
During  convalescence  the  count  returns  slowly  to  normal,  but  the  blood 
retains  its  characteristic  features  for  about  three  weeks  after  the  tem- 
perature is  normal. 

The  blood  picture  is  modified  by  various  complications.  Hemor- 
rhage causes  an  acute  post-hemorrhagic  an.-emia  with  leucocytosis,  the 
lowest  count  of  our  series  being  i  ,992,000  cells :  regeneration  begins 
at  once,  and  the  cells  are  usually  restored  in  a  little  over  one  week. 

The  inflammatory  complications  are  accompanied  by  a  rise,  or  e^-en 
a  true  leucocytosis.  This  is  true  of  furunculosts,  phlebitis,  thrombosis, 
bronchitis,  periostitis,  pleurisy,  pneumonia,  etc.  A  definite  rise  in  the 
count,  already  \'ery  much  reduced,  is  for  that  person  often  a  true  leuco- 
cytosis :  for  instance,  in  one  case  in  our  wards  the  leucocyte  count 
accompanying  parotitis  rose  from  1600  to  3200  cells,  comparable  to  a 
rise  in  a  norm&l  person  to  about  15,000  cells. 

In  one  case  of  empyema  the  count  was  44,500 ;  in  a  second  case,  due 
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to  the  typhoid  bacillus,  23,000  cells,  of  which  68.5  per  cent,  were  poly- 
morphonuclear neutrophiles ;  small  mononuclears.  12.7  per  cent,  and 
large  mononuclears,  17  per  cent. 

Of  the  5  cases  of  pneumonia  of  our  series,  3  cases,  of  whom  2  died, 
had  counts  above  10,000  cells;  2  cases,  both  of  whom  died,  below 
10,000  celts.  In  all  of  these  cases  the  differential  count  showed  a 
smaller  percentage  of  the  polymorphonuclear  neutrophiles  than  one 
would  expect.  In  periostitis  due  to  the  typhoid  bacillus  the  leucocytes 
in  one  case  were  18,000,  of  which  72.5  per  cent,  were  polymorphonu- 
clear neutrophiles.  Thayer  cites  many  similar  illustrations  showing 
that  in  an  inflammation  due  to  the  typhoid  bacillus  the  reaction  of  the 
blood  depends  more  upon  the  situation  of  the  infection  than  upon  the 
organism,  and  the  tendency,  as  illustrated  by  the  above  cases  of  em- 
pyema and  periostitis,  is  for  the  formula  of  typhoid  fever  to  persist. 

Perforation. — In  our  cases  of  suspected  perforation  the  leuco- 
cytes are  followed  with  the  greatest  care,  and  interpreted  in  general  as 
in  appendicitis.  From  the  onset  of  the  first  symptom,  whether  it  be 
abdominal  pain,  hiccough,  or  any  other  feature  which  points  to  the 
abdomen,  the  leucocytes  are  counted  each  hour.  If  the  abdominal 
features  are  suggestive  of  perforation,  the  operation  is  performed, 
whatever  the  leucocytes  may  show.  If,  however,  there  is  a  rising  count, 
an  operation  is  performed  although  the  local  signs  may  seem  insuffi- 
cient. It  is  granted  that  a  rising  leucocytosis  may  mean  something 
else  than  perforation.  In  one  of  our  cases  it  was  appendicitis.  In 
this  clinic  practically  every  case  in  which  either  of  these  features  is 
present  is  operated  upon,  under  the  belief  that  it  is  much  safer  to 
operate  too  soon  than  too  late,  and  that  an  unnecessary  operation 
aflfects  very  slightly  the  course  of  the  typhoid  fever.  We  have  suc- 
ceeded in  this  way  in  saving  about  30  per  cent,  of  our  cases  of  perfora- 
tion. In  most  cases  there  is  a  slight  rise  of  the  leucocytes,  either  an 
absolute  leucocytosis  of  10,000  or  over,  or  one  relative  to  the  previous 
counts.  Following  this  rise  is  sometimes  a  drop  which  some  suppose 
is  coincident  with  the  spread  of  the  peritonitis.  In  some  malignant 
cases  occurs  a  fall  without  any  preliminary  rise.  In  those  so-called  pre- 
perforative  cases  there  is  a  slight  leucocytosis  due  to  the  local  perito- 
nitis. While  a  great  deal  of  weight  is  placed  upon  the  leucocyte  count 
no  absolute  value  is  allowed  it,  and  it  is  always  interpreted  in  the  light 
of  the  physical  examination. 

Pneumonia. — The  coagulation  is  rapid,  as  a  rule.    The  count  of  the 
red  blood-cells  is  normal  during  the  fever,  or  there  is  a  rise  at  first,  as 
Sadtler's  case  to  7,000.000.     After  the  crisis  there  is  always  a  drop 
about  500.000  ceils,  sometimes  a  slight  post-febrile  ansmia.      Xl 
hypercyth.-emia  is  due  to  the  concentration  of  the  blond,  and  certain 
covers  a  certain  real  anaemia  caused  by  the  loss  of  blood  to  the  exuda 
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and  b>-  tlic  (lestniction  of  tlic  blotxl-cclls.  as  shown  hy  the  jaundice  atin 
the  urohiltiuiria.  Cases  with  these  iwo  fealnres  show  a  greater  araemij 
than  others,  with  a  loss  of  about  3.ooo,oc»  cells.  The  drop  which 
occurs  on  the  clay  of  crisis  is  partly  the  disappearance  of  the  hjiicrcv- 
th^eiiiia  and  a  drop  below  nonnal  due  to  t\w  general  peripheral  rehxs- 
tion  (Crawitz).  In  addition  to  this  is  a  certain  grade  of  true  anxnwi 
which  sonictiuies  is  severe, 

Nuclented  reds  are  more  common  in  pneumonia  than  in  other  acule 
fevers.  Both  normoblasts  and  megaloblasts  occur,  which  latter  haie 
a  bad  prognostic  impurl  only  when  present  in  considerable  inniilxrr.  At 
the  time  of  the  crisis  it  is  liioiight  the  cells  crenate  more  easily  than 
normal,  cviilciicc  of  some  chemical  irritant  in  the  blood. 

In  34  cauA  in  which  sp«cial  aitention  wa»  pnid  to  ihe  rti  blood-MlU  there 
occurrH  a,  droii  during  i)i«  lysis  or  )iim  after  the  crisis,  generally  of  atx)ut  iiOCMOt, 
hut  in  tome  CHtcs  tif  2,000,000  cclli,  whlcli  drnp  umiAlly  nnly  fc^lorri!  At  ctiM 
10  Llial  level  ivhicli  ubtuincd  bi^iorv  llie  hypcrcylliormia  The  lulcT  counts  «hn*nl 
im.-ill  Bnliii  and  IntKci  in  an  even  number  of  caicv  and  af  alHiitl  (he  latnc  dfpn. 
'hw  in  q  caici  there  wai  a  pefmancni  loss  ol  from  goo/xM)  10  i.50o>ooo,  and  m  j 
cates  n  gain  of  froni  jao.two  la  1.900,000. 

Pneumonia  is  the  disease  in  which  the  iiiftiiininatory  leucocytosi! 
has  Iwcn  best  studied.    None  of  oui-  cases  showed  evidence  of  an  initio 
hypoleiicncytnsis,  as  claimed  by  Pick.  From  the  first,  six  to  eight  hour* 
after  the  chill,  the  leucocytes  arc  found  increased, and  they  drop  at  about 
the  time  of  the  crisis.    This  leucocytosis  is  an  expression  of  the  resist- 
ance of  the  organism  to  the  infeclioii.  and  de|)ends  but  little  on  the  fn'tf 
and  the  e.xtctit  of  consolidation.    Cabot  has  divided  the  cases  iwo  tliree 
ffroiips;  (t)  Those  with  {jood  resistance  and  a  mild  infection,  in  which 
there  may  be  no  leucixrytosis;  these  cases  all  recover.     {2)  Tliosc  with 
a  severe  infection  and  a  good  resistance,  in  which  the  lcuc<x:ytosis  w 
high,  between  20,000  and  30.000,  but  in  some  cases  over  100,000. 
even  115.000  (Ldhr).  This  group  includes  abotn  90  per  cent,  of  ad 
cases.     (3)  Those  cases  with  a  poor  resistance  but  a  severe  infeciioti, 
in  which  there  is  no  leucocytosis  or  even  a  fall,  and  which  cases  are 
ahnosi  always  fatal.     The  iK-st  illustrations  of  this  last  group  are  the 
terminal  pneumonias  of  chronic  diseases,  piicunionia  in  ibe  aged  and  in 
alcohohcs.    In  fatal  ca.ses  in  which  the  count  does  not  rise  the  percent- 
age of  iKilymoriihonuclcars  may  rise  considerably.  In  case  of  a  pse»<lo- 
crisis  the  statement  is  made  lliat  the  leucncvtes  do  not  drop,  and  even 
rise.    Tlie  fall  in  the  leucocjtcs  begins  just  before,  jnsi  after,  or  with 
that  of  the  temperature,  and  may  be  precetlcd  by  the  maximum  cotiiit. 
Loper  claimed  two  mnxitna,  the  one  at  onset,  the  other  jnsi  before  the 
fall.  Tliey  fall  by  lysis  rather  than  by  crisis,  reaching  normal  on  about 
the  second  day.     If  the  temperature  falls  by  lysis,  the  leucocytes  fall  a* 
a  rule  more  slowly.     In  cases  in  which  a  slight  teniperalurc  coiitinucJ 
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after  the  crisis  the  leucocytes  rciii-niii  elevated  until  tliis  returns  to  nor- 
mal, in  fatal  cases  tlicrc  is  ofien  an  anteinoriein  rise.  In  delayed 
resolution  the  leucocytes  may  stay  elevated  even  for  weeks  and  then 
slowly  drop,  hut  in  these  cases  if  the  tenii>crature  has  become  normal 
ihese  will  as  well.  Fur  the  count  to  reinaiu  elevated  sliould  suggest 
delayed  resolution,  empyema,  or  gangrene. 

A  high  count  gives  no  idea  of  prognosis;  it  means  that  the  pa- 
tient is  making  a  vigorous  fighl.  but  gives  no  hint  as  to  which  will  win. 
he  or  the  infection. 

In  our  pneumonia  case*  the  Icucocym  art  counifd  iwkc  djily.  Wc  liavc  com- 
piled the  iccciTdi  of  KMI1C  of  thdc  caict  (158  uncoin plicated  cnsVs  with  recovery. 
56  uiicomplicatcti  cttck  with  dcatli.  and  80  csms  wilh  varioun  coinplicationt), 
studying  them  at  rcgardt  age  and  lerminatiun.  In  oui  uiicunipl idled  cases  with 
recovery  MX,  and  the  extent  of  the  consolidslion  hat-c  no  relation  to  the  degree  of 
the  Icucocyioxii-  Age  ho*  remaikably  little  influence;  exactly  lli«  aatnc  pcrc«nugc 
of  cases  below  forty  yeart  had  a  tencocyic  count  below  aojooo,  as  of  IhoK  older,  ta 
all  the  uncomplicated  oaiet  with  recovery,  jB  per  cent,  were  below  30x00:  7  per 
cent,  above  40^000. 

Seveoty- seven  of  tbeic  CMc«  terminated  by  crbis.  Of  these  the  ewes  above 
40  yean  of  age  had  an  average  1encocytosi«  wmewliat  hiKher  than  thote  younger, 
probably  since  there  were  fewer  low  counii.  With  to.000.  were  no  caies;  from 
UUMO  to  tiooo,  18  per  cent.:  iliae  were  clinically  very  mitd  ca*es:  from  tsjooo 
to  30,000.  33  per  cent.-,  above  4<M)oo.  8  per  cent.  There  wax  a  .tbarp  riK  at  crUia 
in  42  per  cent,  of  the  ca^e*. 

01  81  caM'*  with  lyii*  the  count  during  the  course  wai  below  louooo  tn  >  per 
cmt. :  from  io«oo  to  1  j.ooo  in  x  per  cent. :  from  15.000  to  20.000  in  14  per  cent.; 
above  40jOoo  in  10  per  cent.  Tliere  was  a  (harp  ri>c  jutt  M  Iy(i6  in  34  per  cent. 
These  rites  which  occurred  jujt  before  the  lyiis  or  crisi*.  were  of  from  5000  to 
lo/MM  ccllk  B(  a  rule,  but  in  a  few  over  ai.ooc^  and  in  one  ca*c  30JXO.  Tile 
highent  count  during  the  course  was  105.JOO— a  young  man  25  yeara  old  who 
recovered. 

Of  the  case*  with  crisis  the  leucocytes  began  to  drop  before  the  temperatnre 
in  13  per  cent,;  with  the  tempcraiurc  in  41  per  ccni..  and  after  it  in  44  per  cent 
In  the  lysi«  casci  llie  drop  began  before  the  temperature  in  18  per  cent :  wtib,  in 
4j  per  cent,,  and  after,  in  39  per  ceni,,  which  are  practically  the  same  <igure»  a* 
for  those  cases  with  crisit.  To  reach  itotmal  reiiuircd  in  tlw  crisis  cases  from  one 
to  tv»enty  days,  but  the  mean  lime  »a«  three  d.iys.  A  wcll-marke<l  pscudocriMi 
occurred  in  9  eases :  of  tlie»e,  3  were  accompanied  by  a  ri»e  of  lencocytei,  4  by  a 
fall,  and  i  by  no  change.  In  case*  with  a  slight  fever  foe  (ooie  days  after  the  dro(> 
the  leucocytes  remained  frocu  u.ooo  to  15.000  until  the  lemperalnre  reached  normal. 

llKre  «crc  36  fatal  cases.  The  IcticcM-ytc  counts  in  thc»c  were  ahnoM  the  uioe 
tor  the  various  decades  as  in  those  with  recovery.  During  the  course  they  remained 
below  I0J90O  cdU  in  23  of  the  cate>  (in  one  case  they  reached  evm  1700) :  from 
lOOOO  to  ts.000,  >3  per  cent. :  from  15.000  to  20j0oa  15  per  cent :  and  over  40000 
in  one  ease.  At  the  time  of  death  the  count  was  below  10.000  to  17  per  cent :  from 
loooo  to  ts.00D  in  3S  per  cent  .  15.000  to  20.000  in  10  pet  cent,  and  above  40AD0 
in  8  per  cent, :  all  the  last  cai««  were  under  thirty  years  of  age  Toward  death  in  JO 
per  cent,  there  was  a  proffre^tivc  rise,  in  jo  per  cent,  a  fall.  The  absence  of  lenco- 
cytasti  is  not  necessarily  fatal.  In  one  case  with  extreme  toxaemia  and  a  count  of 
tooo  l1>c  leucocytes  slowly  rose  to  i4xno  ai  the  patient  rcfmered 

Dailv  V*aiATinx»  IS  Tita  Coi'xt,— The  two  counts  were  made  in  the  fore- 
noon ami  afternoon,  and  separated  by  an  interval  of  about  nine  honrs.  These  counia 
differed  by  from  tooo  to  36,000  cells,  at  a  rule  from  4000  to  6000,  with  a  roetn 
of  4000  There  wai  no  difference  in  th»e  variation*  before  and  after  the  crisis. 
AVI>co    the   tcmperatore  wai  very  constant  the  variation    wa*   less  marked,  the 
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greatest  variation  occurring  in  cases  with  an  irregular  temperature,  but  even  iben 
there  is  no  parallelism  between  fluctuations  of  temperature  and  leucocytes,  in  som: 
cases  even  a  reverse  relation. 

•In  cases  of  delayed  resolution,  in  some  the  leucocytes  reached  normal  htion 
the  temperature ;  in  others  both  temperature  and  leucocytes  were  normal  before 
resolution  was  complete ;  again,  in  others  the  temperature  was  normal  before  the 
leucocytes. 

The  cases  of  terminal  pneumonia  vary  much,  our  series  showing  two  vith 
counts  above  50,000  and  two  below  3500.  Alcoholics  had  almost  no  lencocytosis. 
and  yet  some  recovered.  In  all  cases  followed  by  empyema  tbe  leucocytes  for  the 
most  part  showed  no  change  which  would  indicate  when  the  resolution  or  ttie 
empyema  began.  In  one  case  throughout  the  whole  disease  and  to  the  lime  of 
the  operation  there  was  no  leucocytosis,  and  in  another  case  the  leucocytes  did 
not  rise  at  all  until  the  empyema  began.  In  2  cases  followed  by  pleurisy  with  effu- 
sion the  leucocytes  were  normal  after  the  crisis  (6000  and  8000).  In  3  fatal  am 
ending  in  abscess  of  the  lung  the  leucocytes  were  respectively  46,000,  30,000,  ind 
8500.  In  35  cases  with  various  pus  infections,  endocarditis,  pericarditis,  meningitis, 
parotitis,  otitis  media,  phlebitis,  thrombosis,  tonsillitis,  etc.,  very  little  could  be 
learned  from  the  leucocytes ;  that  is,  there  was  no  notable  rise,  although  the  fail 
may  have  been  delayed.     If  already  low,  they  did  not  rise. 

Qualitative  Changes. — The  leucocytosis  is  a  rise  of  especially  the 
polymorphonuclear  neutrophiles ;  they  may  be  even  90  per  cent,  of  all, 
but  of  our  cases  they  were  very  seldom  above  80  per  cent.,  that  is,  not  as 
high  as  is  general  in  an  inflammatory  leucocytosis.  The  small  mono- 
nuclears while  relatively  diminished  are  often  absolutely  much  in- 
creased. During  the  course  the  eosinophile  cells  may  disappear,  but 
after  the  crisis  the  polymorphonuclear  neutrophiles  drop  to  even  below 
60  per  cent.,  and  the  eosinophile  cells  increase,  but  not  to  a  great  de- 
gree. Myelocytes  appear  even  in  good  numbers  (almost  12  per  cent.t, 
and  large  basophilic  mononuclears.  In  about  three  days  the  percent- 
ages are  normal.  Loper  said  that  if  the  polymorphonuclear  nentnv 
pliiles  were  above  90  jier  cent,  an  increase  in  this  percentage  meant  a 
had  prognosis;  in  other  fatal  cases  they  may  be  below  50  per  cent. 

Glycogcu  can  be  demonstrated  in  the  leucocytes  nearly  always,  in 
amount  varying  with  tlie  temperature  and  the  extent  of  consolidation, 
in  a  marked  case  the  majority  of  the  leucocytes  being  thus  laden. 

The  platelets  may  even  disappear  during  the  continued  fever,  but 
after  the  crisis  increase  to  above  nonnal. 

Tbe  Hbrhi  iiet-7i'<irk  is  increased  more  than  in  any  other  disease 
Coagulation  is  rapid.  SpeciHr  gra^'ity  varies  as  the  count  and  is  hi^li. 
The  to.\icity  of  the  blood  is  even  doid>le.''* 

The  diagnostic  value  of  the  blood-count  is  considerable,  the  pres- 
ence of  a  leucocytosis  excluding  malaria  and  typhoid  fever  antl  sug;- 
gesting  a  central  pneumonia.  It  is  especially  important  in  tiie  old 
and  in  the  young,  and  in  cases  without  localizing  symptoms,  the  leticiv 
cytcs  leading  one  to  search  for  the  pliysical  signs. 

In  Intestinal  Parasites  a   slight   leucocytOsis   is   the   rule.      In    \2  of 

"Albu,  \'ircho\v's  .Arch,,  vol,  cxlix. 
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our  i8  recent  cases  these  cells  varied  from  11,200  to  34,000.    In  4  of 
the  cases  with  normal  counts  there  was  some  fever. 

Bronchuil  Asthma. — In  bronchial  asthma  the  most  interesting  find 
is  an  eosinophilia  of  even  53.6  per  cent.,  which  is  important  in  diag- 
nosis, and  by  means  of  which  the  oncoming  paroxysms  may  in  some 
cases  be  predicted. 

In  17  cases  during  the  past  four  years  the  red  cotint  was  high,  over  5,500,000 
in  7  cases;  the  lowest.  4,goo,ooo.  There  was  a  Icucocytosis  of  10.000  10  15,700  in 
6  cases.  In  but  8  cases  were  differential  counts  made,  but  of  these,  6  had  above 
5  per  cent  eosinophiles ;  maximum,  20  per  cent,  in  a  total  count  of  E600.  (Of  these 
six,  the  absolute  numbers  of  eosinophiles  were  728,  712,  535,  856,  702,  and  1720.) 

Acute  Articular  Rheuroatisro. — "  The  blood  is  the  best  index  of  the 
severity  of  this  disease"  (Osier).  Its  virus  is  a  rapid  and  powerful 
destroyer  of  the  red  cells,  causing  often,  but  not  always,  a  reduction  of 
from  1,000,000  to  2,000,000  cells.  Ewing  considers  that  the  anaemia 
has  been  exaggerated.  The  high  count  which  is  sometimes  seen  during 
the  attack  some  explain  as  due  to  the  sweats,  and  call  attention  to 
the  fact  that  the  anxmia  is  most  evident  at  the  time  of  convalescence, 
Hayem,  Tiirk,  and  others  say  that  the  count  is  lowest  at  the  height 
of  the  fever,  and  that  regeneration  Iwgins  at  once  with  defervescence. 
It  is  rare  to  find  nucleated  reds.  The  haemoglobin  suffers  worse  than 
the  red  blood-cells.  In  no  other  disease  is  the  fibrin  net-work  so 
thick. 

Leucocytes  are  increased,  as  a  rule  their  count  running  parallel 
to  the  severity  and  acuteness  of  the  disease.  Cabot's  average  was 
16,000.  The  differential  count  changes  are  as  in  other  acute  diseases. 
In  subacute  or  chronic  rheumatism  there  is  no  leiicocytosis. 

Of  77  cases  of  ihis  disease,  the  red  counts  were.  2.000.000  10  3.000.OO0.  .1 : 
3.000.000  to  4.000,000,  15:  4,000,000  lo  s.ooo.ooo,  45;  5,000.000  .tnd  over,  14:  mean 
count.  4,500,000;  hence  very  little  aniemia.  Of  8r  cases,  llie  leucocytes  were  below 
5000  in  1  case,  from  5000  lo  10.000  in  23,  [0,000  lo  15.000  in  36,  15.000  lo  20.000 
in  15,  atwve  20.000  in  6. 

Another  case,  a  man  fifty-six  years  of  age.  was  admitted  with  red  cells. 
1.720,000:  hsemoglobin.  27  per  cent.;  leucocytes,  12.400.  Tie  gave  the  history  of 
painful,  swollen,  red  joints  four  weeks  before.     He  recovered  rapidly. 

Arthritis  Deformans. — McCrae,  in  33  cases,  foiuid  the  average  of 
haemoglobin  70.6  per  cent. ;  of  reds  (29  cases),  4,468,000:  the  leuco- 
cytes, 7600;   the  differential  count  normal. 

Appendicitis. — In  acute  appendicitis  the  rule  which  our  surgeons 
follow  is  the  same  as  for  all  acute  abdominal  cases.  After  the  first 
suggestive  symptom,  or  on  a<lmission.  the  leucocytes  arc  cnunted  each 
hour.  With  a  rising  leiicocytosis  an  operation  is  performed  without 
delay,  even  though  the  abdominal  signs  are  very  slight:  on  the  other 
hand  with  marked  alxlominal  signs  the  ojicration  is  performed,  what- 
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ever  ihc  leucocytes  may  be.    If  the  leucocytes  are  high  but  stationiry 
when  ilic  patient  is  first  seen,  one  cm  wail ;  but  if  rising,  even  sliglnlv, 
there  should  be  no  delay.    A  normal  count  means  nothing;  tlie  qk 
may  be  mild,  very  severe,  or  a  wcll-walled  abscess.     A  high  kucoc}- 
tosis.   20,000  or  above,    indicates  acute   ajipeiulicitis,    probably  an 
appendix  fidl  of  pus  and  quite  tense.     The  leucocytes  probably  fall 
after  it  ruptures,  at  least  those  cases  which  have  recently  rupturtd 
arc  admitted  with  low  counts  or  even  a  subnonnal  count,  tyen  while 
the  process  is  spreading.    In  appendicitis  20.000  is  a  high  count,  and 
means  pus,  gangrene,  or  peritonitis;  alx>vc   15.000  means  an  aciivc 
process.     In  fulminating  cases  there  may  be  death  without  any  reac- 
tion on  the  part  of  these  cells. 

In  chronic  appendicitis  with  abscess  a  stationary  leucocjiosis 
means  a  well-walled  abscess.  In  those  cases  with  old  abscess  the 
count  is  seldom  above  12.000.  and  often  from  (xxx)  to  7000.  but  after 
the  operation  on  such  a  case  the  leucocytes  will  rise  at  once  to  about 
20.000  or  over  and  then  gra<lually  drop.  This  is  perhaps  due  to 
exj^sure  of  a  new  area  to  the  infection.  If  the  count  remains  high 
it  means  a  pocket  is  still  unopened.  While  many  of  our  cases  with 
wcll-wallc<l  abscess  show  a  nomial  leucocyte  count,  yet  these  cases  also 
show  marked  tluctuations  for  which  no  explanation  is  offered.  In 
those  cases  in  which  the  physical  features  indicate  a  rupture  of  the 
abscess  and  a  spreading  peritonitis,  the  count  may  rise  or  drop,  or 
may  fall  even  to  subnormal,  or,  after  a  fall,  may  then  again  rise, 
the  falling  leucocytosis' being  a  worse  sign  than  a  high  stalionarj-.*' 

In  catarrhal  appendicitis,  and  chronic  appendicitis  without  any 
e-\udaie.  ihere  is  no  leucocylosis. 

The  red  cells  show  no  change  except  in  cases  wiih  long  standing 
abscess,  in  which  there  may  be  a  secondary  anrcmia.  Da  Costa  men- 
linns  an  early  slight  anremia  in  most  cases,  in  some  a  severe  amemia. 

Anaemias  of  Children. — The  study  of  this  subject  is  of  especial  im- 
portance, since  the  bliKid  picture  is  often  so  different  from  that  in  the 
adult.  We  ba\c  even  known  a  diagnosis  of  lymphatic  leukaemia  sug- 
gested when  the  blood  was  normal. 

Children  arc  much  more  sii^ceptilile  to  all  agencies  causing  anemia 
than  are  adults;  the  an.-emi.i  is  more  rapid  in  development,  more 
severe,  less  easily  recovered  from.  The  narrow  changes  are  much  more 
strikingly  mirrored  in  the  blood,  and  when  regeneration  does  begin 
the  picture  is  quite  spectacular ,  normoblasts,  megaloblasts.  and  mj'e- 
locytcs  appearing  in  such  good  numbers. 

The  "  uMirMJin  of  groivth."  it  is  claimed,  is  explained  by  the  inability 
of  the  blood-building  organs  to  keep  pace  with  the  growth  of  the 
body.     .\i  this  time  wasting  diseases,  infections,  or  any  agency  del- 
"  See  Bioodgofw),  Prog.  Med.,  December,  tooi. 
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tierious  to  the  blood,  vascuiar  system,  or  the  hematopoietic  organs, 
as  poor  food,  bad  hygienic  surroundings,  influence  the  child  much 
more  than  the  adult.  The  development  of  the  heart  and  of  the  whole 
vascular  system  is  also  in  the  closest  relation  with  the  blood  condition, 
hence  chlorosis  and  other  severe  anxniias  of  youth  occur  in  children 
with  hypoplasia  of  the  cardiovascular  system,  and  this  is  attributed 
to  a  congenital  defect.  The  anaemia  of  school-children  is  due  to  mental 
strain,  lack  of  exercise,  poor  appetite,  constipation,  etc. 

A  long-standing  ansemia  in  a  child  is  perhaps  never  perfectly 
recovered  from.  Objective  evidence  of  it  may  disappear  and  the 
child  seem  well,  but  relatively  insignificant  agencies  will  cause  it  to 
reappear. 

In  all  such  anemias  of  the  very  young  a  lymphocytosis  is  usually 
present  and  unripe  elements  appear — normoblasts,  myelocytes,  and 
large  basophilic  non-granular  leucocytes — which  do  not  occur  in  the 
normal  blood.  But  these  qualitative  changes  in  the  blood  picture  have 
less  significance  than  in  the  adult,  and  show  more  an  instability  of  the 
blood-regulating  mechanism. 

The   ANEMIA   PSEUDOLEUK^MICA    INFANTUM    of   V.    Jaksch    was 

described  as  a  condition  in  young  children  of  severe  anaemia  (even 
820,000;  most  were  1,500,000  to  3,500.000),  with  low  color-index 
(0.50),  a  leucocytosis  of  even  54,660  (in  one  case,  114,000),  with  a 
few  myelocytes. 

Among  the  red  cells  are  sometimes  many  deformed  and  degener- 
ated ones,  and  many  nucleated  reds.  The  leucocytes  are  characterized 
by  their  great  variations  in  form,  size,  and  staining  ciualities.  The 
platelets  are  increased. 

The  best  recent  discussion  of  this  condition  is  that  of  Calrot,**' 
who  thinks  that  the  many  very  different  cases  thus  diagnosed  cannot 
be  grouped  together.  They  might  be  cases  of  pernicious  anemia, 
secondary  anaemia  with  leucocytosis  (due  to  lues,  rickets,  etc.),  or 
Hodgkin's  disease,  or  either  of  the  leukaemias,  all  of  wliich  diseases 
are  apt  to  be  atypical  in  children. 

Bezanqon  and  Labbe  emphasize  inherited  hies  as  the  cause. 

Reckzch,  from  analogy  from  experiments  on  adult  and  young  df^s,  considers 
this  form  in  children  a  simple  an.-cniia, — that  the  special  features  differing  from 
that  of  an  adult  are  due  to  the  reaction  of  the  young. 

Malaria  in  children  causes  an  especially  severe  ansemia.  with 
normoblasts  and  perhaps  always  megaloblasts,  but  no  niarkc<l  leucocy- 
tosis except  perhaps  a  lymphocytosis. 

Congenital  lues  causes  the  severest  ana;mia,  witli  many  nucleated 

"Fifth  edition.  "Clinical  Examination  of  ihf  ftloocl,"  p.  511J, 
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pneumonia,  in  progressive  tul)crciilosi!>,  in  fracture  of  long  boots,  m 
contusions  of  subcutaneous  fat,  and,  it  i^  said,  in  some  cases  of  \mt 
and  kidney  disense,  malaria,  cholera,  an<l  |)liospliorus  and  carlxrn  moo- 
oxide  poisoning,  A  recent  article  on  )ip.Tinia  is  by  Futchcr,"  iml 
by  Fraser,*'  in  whose  case  there  was  16.44  pc  cent,  of  fat  in  the 
blood  and  18.94  per  cent,  in  the  pleural  exudate.  'Hie  record  case  is 
Fischer's,  with  18.  lig  per  cent,  in  the  blood, 

Brbmrr's  blood-test  has  proved  vaUiable  in  certain  cases.  .\ 
thick  .smear  of  blood  is  made  on  a  slide,  and  a  similar  one  for  a 
control  of  normal  blood.  These  are  snbjcctctl  to  exactly  the  sane 
treatment.  They  arc  first  heated  to  135°  C,  then  atlovv«(l  to  cool  slowly, 
and  are  stained  with  i  per  cent.  Congo  red.  a(|ucous  sohttion.  for  two 
minutes.  Kelative  to  llie  nonnal  blood  the  diabetic  blood  will  take  a 
yellow  rather  than  a  red  tint.  Tliis  test  is  positive  also  when  the  urine 
is  sugar- free,  and  is  said  to  be  given  even  before  sugar  has  appeared 
Schneirler  found  it  present  in  two  nonnal  men  who  were  great  ineat 
eaters,  and  ascril»cs  it  to  the  reaction  of  the  blood.  Strauss  confinn; 
this  opinion,  finding  it  best  in  cases  of  acidosis.  It  is  claimed  to  be 
sometimes  present  in  ciscs  of  leiik-enii-i,  Hodgkln's  disease,  and 
Graves's  disease,  and  yet,  granting  this,  it  is  of  importance  in 
diagnosis. 

Ill  1I1U  clinic  a  niaci  was  adniiitcd  during:  oma:  no  uri5c  couM  be  obttiod 
by  calhcicrizaiion :  (hi-  dugnom  of  diabdic  coma  wat  made  from  ihls  ten  kliHN; 
and  oiifirmcd  later  by  auiopRy. 

WiniAMSos's  TtiT. — THTnijr  cmm.  ot  blood  in  a  mi-tube  aie  mixed  iritli 
t  ec.  of  aqueous  nicibylenr  Mue  (i  i"  fiooo):  jo  ciniii,  of  60  per  ceni-  KOH  anil 
40  cmm.  o(  water  are  added.  Thi*  inixiure  i«  allowed  to  Mand  for  ihrec  or  (out 
niinnlfi  in  Imiliiig  unicr,  If  the  blood  be  diabetic  it  Iftkw  a  yellow  color,  whitli  it 
said  no!  to  be  dtie  lu  ihe  atiKar  in  the  blood. 

QvASTdATivK  lltTiniMi.sATioN  OF  Fat  IN  TiiK  Bix)0D.— The  mcthod  cboMJi  b]i 
Bonmner.  in  Sulkow*.ki'9  laboralory.**  is  as  fnllow<:  From  S  to  jo  gm.  of  hi 
arc  niixrd  with  to  to  xa  voltimci.  of  oA  per  cent,  alcohol,  the  precipitnte  gnnind 
thtn  allowed  to  ?itand  one  or  two  d.iyt.  It  is  ibeii  filtered,  ll>c  prcci|iitale 
cxirnricd  teverni  timet  with  alcohol  in  Ihe  Mine  uay,  then  with  $  la  to  volotnei 
of  cihcr  twice,  diitetiinK  one  day  each  lime.  A11  tliete  extracts  arc  then  conibintd 
evaporated,  repeatedly  uken  iip  in  absolute  alcohol,  and  this  evaitornted.  theo  fil- 
tered, dried,  and  weiubcd. 

Cliniirally.  KufHcieiitl)-  nccnrulc  results  are  obtained  by  extracting  twice  with 
Alcohul  nloiic:    ihit  will  give  06  per  cent,  of  the  total  fat. 

Mallgnsni  Disease. — Malignant  disease  is  one  of  the  most  important 
causes  of  anxtnia.  This  is  because  of  the  frequent  hemorrhages,  thf 
mechanical  effects  of  the  cancer  as  is  seen  in  those  oi  the  gastro-intcsti- 
nal  tract,  and.  most  important,  the  cancer  toxine  which  may  cause  an 
extreme  anremia  even  though  the  tumor  be  small  and  cause  no  local 
symptoms:  l>c.  in<tccd.  latent.    The  result  of  the  growth  is  an  anxmia 

"Jour.  Am.  Med.  Assoc-  October  11.  iSpQi 
"Siol   Med  and  StirR.  Jotir.  1903.  V-  *». 
"  Zeiu.  f.  Iclin.  Med.,  1901,  voL  xlii.    ' 
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(>ara!lel  to  the  progressive  cachexia.  And  yet  it  is  remarkable 
h.j\v  long  ihc  ItloiKi  will  pres.ent  an  almost  normal  picture  before  the 
sliglu  anaemia  begins,  and  then  how  rapidly  the  ana-niia  and  cachexia 
will  develop.  Orawitz  claims  that  the  cancer  produces  a  plasmriirnptc 
pois<m :  that  is.  one  which  may  affect  the  bloDtl.  or  the  blood  phis  the 
body  tissues,  or  the  tissues  without  the  blood,  producing  in  soiuc  cases 
merely  dcucncratinns  of  the  red  blood-cells:  in  other  cases  an  anarmia 
par:illel  to  the  cachexia ;  in  still  other  cases  a  marasmus  of  the  highest 
^ade  yet  with  the  blood  only  slightly  affected. 

Cancers  vary  much.  Some,  for  instance  those  of  the  skin  or  lip, 
cause  no  ana-niia,  while  a  fulminating  cancer,  as  of  the  stomach. 
"  may  give  a  perfect  picture  of  primary  pernicious  aniemia.  or.  indeed, 
of  letikarmia."  In  general  it  is  stated  tlwt  the  more  malignant  the 
tumor  the  greater  the  blood  changes,  the  more  extensive  the  can- 
cer, that  is.  the  more  its  metastases,  the  greater  its  influence  uixm  the 
blood.  liut  Ibis  is  not  entirely  true:  our  cases  with  rapidly  de- 
veloping metastases,  with  large  nodules,  are  those  with  a  slight  chlo- 
roiic  aiucmia ;  those  which  simulate  pernicious  anieniia  are  more  often 
th<ise  with  few  objective  signs  of  cancer,  an  insignilicant  looking  little 
nodule. 

The  common  picture  is  the  so-called  "  pseudo-chlorosis  carcinoma- 
tosa:"  others  show  the  ])icture  of  the  severest  pernicious  aniemia. 
the  cases  being  thus  diagnosed,  and  the  diagnosis  corrected  at  the 
autopsy  by  a  small  cancer  nodule,  often  of  the  stomach,  which  Ijefore 
that  was  unsuspected.  In  still  other  c.ises  no  aniemia  results.  CalxU 
says  in  one-half  the  cases  there  is  a  chlorotic  an,-cmia;  in  about  one- 
fourth,  none;  while  one-fourth  show  a  reduction  in  both  count  and 
h.'MTioglobin. 

llie  severest  anxmia  occurs  in  those  cases  with  frequent  hemor- 
rliage.  as.  for  instance,  of  the  stomach  and  of  the  uterus.  Anannia 
from  cancer  of  the  digestive  tract  is  sometimes  great  because  of  the 
resulting  mahuitrition.  v.  Limbeck  says  that  blood  normal  qualitatively 
is  common  and  ijerliaps  the  ride,  even  in  advanced  cases:  that  in  cases 
with  desiccated  tissues  there  may  be  even  a  rise  in  the  count;  and  in 
advanccii  cachectic  cases  without  hemorrhage  there  is  seldom  diminu- 
tion in  the  red  count,  and  then  it  is  not  extreme. 

"Hie  ana?mia  when  it  does  occur  is  of  the  secondary  tyi)e  as  a  rule, 
and  severer  than  that  due  to  any  other  chronic  disease.  T\k  chief 
changes  are  at  first  in  the  size,  shape,  weight,  .md  degeneration  of  the 
red  blood-cells ;  later,  as  the  cachexia  develops,  the  anarmia  is  often  as 
low  as  2,500.000  cells,  or  even  as  low  as  in  pernicious  aiL-emia.  1.000,- 
000  cells.  .An  exception  to  this  is  in  cancer  of  the  cesophagus,  where, 
indeed,  the  blood  may  be  concentrated. 
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Haemoglobin  is  always  and  is  first  reduced.     In  some  cases  it  may     ' 
be  of  a  normal  percentage,  but  in  these  the  count  is  above  normal;     i 
the  average  in  long-standing  cases  is  about  68.5  per  cent,,  in  worse     ! 
cases  57.5  per  cent.     It  is,  therefore,  rarely  as  low  as  in  chlorosis. 
This  low  hsemoglobin  is  an  important  diagnostic  point  between  tnalig-     : 
nant  and  non-malignant  tumors.     Cabot's  average  w-as  58  per  cent., 
with  an  index  of  0.65.    The  haemoglobin  is  tower  in  cases  of  visceral 
than  peripheral  cancer,  and  the  index  is  low  even   in  severe  cases; 
yet  Bezangon  and  Labbe  mention  two  cases  in  which  the  cells  were 
increased  in  size  and  with  an  index  over  i.    After  operation  regenera- 
tion begins  at  least  one  week  later  than  would  be  expected,  and  it  is 
said  never  quite  to  regain  the  percentage  it  was  before  operation,  e\'en 
though  the  patient  gains  in  weight   (Bierfreund). 

There  is  always  diminution  in  the  average  size  of  a  few  or  most  of 
the  cells.  The  giant  cells  of  pernicious  anaemia  are  rarely  seen  here 
except  late,  while  microcytes  are  common  (Grawitz).  The  basophile 
granulation  is  very  common.  The  deformities  in  size  and  shape  and 
all  degenerations  may  be  absent  or  they  may  be  even  more  marked 
than  in  tuberculosis,  in  which  case  they  are  of  diagnostic  value;  they 
are  a  less  prominent  feature,  hov\'ever,  than  of  pernicious  atuemia. 
Nucleated  reds  are  present  as  a  rule  and  always  in  the  se\-ere  cases. 
They  are  more  numerous  than  in  secondary  ansemias  due  to  any  other 
cause,  and  are  found  even  when  the  anaemia  is  slight.  Their  pres- 
ence has  some  diagnostic  value  in  a  differential  diagnosis  between 
cancer  and  ulcer  of  the  stomach.  They  are  normoblasts,  as  a  nilc, 
although  in  those  cases  whicii  simulate  pernicious  an[eniia  a  lew 
megajolilasts  may  he  present.  In  cases  involving  boue-marrow  tlieir 
number  may  be  enormous,  even  90.000  jier  cubic  centimetre  (Tiirki. 

The  blood  is  hydr.-cmic.  with  reduced  albumin.  Metabolism  es- 
periments  indicate  an  abnormal  destruction  of  tissue  protcid,  the  evi- 
dence of  a  circulating  toxine.  Grawitz  suspects  that  in  some  cases  the 
ancTmia  is  only  apparent,  since  injection  of  carcinoma  extract  shuu* 
that  the  tissue  iyiuph  tlnws  into  the  blood,  tlius  diluting  it;  others 
doubt.  Mncli  of  the  anrcmia  is  due  to  repeated  hemorrbat'es.  whicli  :ire 
common  enough,  yet  there  is  all  tlie  evidence  necessary  of  a  h.'emoly- 
lic  toxine. 

Lki'cocvtes. — In  general,  in  alx>ut  60  per  cent,  of  all  ca^es,  there  is 
a  moderate  leucocytosis,  an  important  point  in  the  differentiation  of 
benign  and  malignant  tumors,  and  this  may  be  the  first  sign  of 
cachexia.  Of  some  the  count  is  normal :  some  present  the  appearance 
of  leukremia.  This  leucocytosis  depen<ls  upon  the  hemorrhages  and 
the  position  of  the  cancer.  In  fcsojjhageal  stricture  the  starvation  will 
sometimes  cause  n  leucopcnia.  and  the  cells  present  will  be  cliiclly 
lymphocytes:    in  cancer  of  the  uterus  and  stomach  so  commonly  ac- 
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companied  by  hemorrhage,  a  post-hemorrhagic  leucocjtosis  is  com- 
mon ;  in  those  of  the  thyroid,  pancreas,  and  kidney  the  count  is  espe- 
cially high.  It  also  depends  upon  the  size  ol  the  cancer,  including  of 
course  the  metastases ;  the  larger  and  the  faster  the  tumor  grows  the 
more  the  leucocytosis ;  but  there  are  great  variations.  Grawitz,  from 
his  injection  experiments  with  cancer  extract,  considers  thai  the  increase 
is  due  to  the  entrance  of  the  tissue  lymph  into  the  blooil-stream. 
carrying  with  it  a  great  many  leucocytes,  the  same  which  occurs  in 
a  post-liemorrhagic  leucocytosis.  and  hence  considers  that  the  leuco- 
cytosis is  coincident  with  the  softening  of  a  tumor  mass.  .After  opera- 
tion the  leucocnes  drop,  and  their  subsecjuent  rise  may  indicate  a 
recurrence  even  before  it  can  be  found  physically. 

Differential  Couxt. — As  a  rule,  a  leucocytosis  means  an  in- 
crease of  the  polymorphonuclear  neutrophiles,  but  in  sotne  cases  these 
are  low,  even  43.7  per  cent.,  and  the  lymphocytes  are  increased.  In 
other  cases  is  a  leucopenia  of  even  3000,  but  with  the  polymorpho- 
nuclear neutrophiles  even  88.7  per  cent.  The  eosinophiles  are  not 
usually  as  much  diminished  as  in  other  leucocytoses,  but,  on  the  other 
hand,  they  may  not  be  increased  e\'en  when  l>one  metastases  are  pres- 
ent. Myelocytes  are  more  commonly  present  in  cancer  than  in  any 
other  condition  excepting  leuk:emia  and  pernicious  anseniia. 

The  specific  gravity  of  the  blood  is  Io«-.  Tlie  plasma  is  rich  in 
sugar,  even  as  rich  as  in  diabetes.  Its  alkalinity  is  decreased  even 
to  one-third.  The  coagidation  is  normal  or  retarded  unless  sloughing 
or  inflammation  he  present,  in  which  case  it  may  be  rapid.  The  fibrin 
net-work  is  usually  normal. 

It  is  said  that  the  effect  of  cancer  is  seen  in  degenerative  changes  of 
the  leucocytes  before  the  quantitative  ones  begin. 

In  CANCER  OP  THE  BREAST  a  sliglit  leucocvtosis  (11,000)  is  com- 
mon. In  CANCER  OF  BONE  are  found  very  many  nuclcited  re<ls,  normo- 
blasts and  megaloltlasts,  and  leucocytosis  with  a  high  percentage  of 
mononuclears,  and  some  myelocytes. 

Cancer  of  the  Stomach. — It  is  particularly  the  cancers  of  the 
stomach  which  cause  an  anjeniia  simulating  the  primary  pernicious. 
The  count  may  be  vety  low, — e.g.,  a  case  of  Menetrier  and  .\ubertin. 
l,333,tKX);  Grawitz's  case,  with  500,000  reds;  yet  these  cases  are 
rare,  Calwt  in  129  cases  finding  27  with  counts  above  5,000,000,  26 
below  3,000.000,  the  average  on  first  visit  being  4,018.000.  Of  the 
1 34  cases  of  this  clinic,  including  those  reported  by  Osier  and  McCrae, 
33  were  above  5,000,000,  16  helnw  3.000,000,  mean  aiiout  4,000.000. 
The  color-index  is  always  cnnsiderably  helow  unity  unless  the  count 
Ik  verj'  low.  Nucleated  reds  were  rather  rare.  The  count  sometimes 
drops  progressively  till  death  (in  one  case  to  i.jS,C\ooo).  The  high 
counts  are  sometimes  attributable  to  the  vomiting.      The  differential 
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diagnosis  between  cancer  of  the  stomach  and  pernicious  ansniia  is 
one  of  well-recognized  difficulty,  and  in  many  cases  can  be  settled 
only  at  autopsy.     In  general  it  may  be  said  that  in  pernicious  anxmia 
there  is  a  lower  count;    that  if  the  red  blood-cells  are  below  1,500.- 
000  it  is  against  cancer ;    yet  this  rule  is  a  broken  reed,  for  it  fails 
in  both  directions.      Cases  most  like  pernicious  ansmia  have  small 
insignificant  cancer    nodules,    and    without    autopsy    would    pass  as 
primary  anaemia.       After  autopsy  one  can  by  retrospect  see. minor 
points  which  should  have  led  him  to  suspect  cancer,  but  only  ilien. 
In   cancer  the  index  is  generally   below  one;    there  are   fewer  nu- 
cleated reds  and  those  that  are  present  are  normoblasts  as  a  rule; 
and  leucocytosis  is  more  common.     In  cancer  the  red  blood-count  is 
always  higher  than  the  cachexia  would  l?ad  one  to  suppose,  in  per- 
nicious anxmia  the  reverse.     The  blood  examination   Henrj'  thinks 
of  greater  value  in  this  differential  diagnosis  than  the  gastric  analysis. 
The  leucocytes  in  this  disease  vary  so  greatly  and  so  without  apparent 
explanation  that  little  value  can  he  placed  on  this  count,  except  that 
there  is  a  leucocytosis  in  over  one-third  of  the  cases,  and  in  those 
without  it  the  digestive  leucocytosis  is  often  absent   (in  82  per  cent, 
of  144  cases,  yet  this  is  of  little  real  practical  value,  although  it  is  one 
point  to  consider — Da  Costa).    Low  counts,  below  4000,  are  not  rare; 
our  highest  was  52.800. 

It  is  said  that  the  rapidity  of  growth  controls  the  count,  and  yet  our  lowest 
counts  included  those  certainly  with  metastases  in  liver,  pancreas,  or  periloneurn 
(1600,  5400,  5000,  5600),  and  in  15  cases  of  cancer  of  the  liver  or  abdominal  organ* 
generally  tin.-  leucocytes  were  above  10.000  in  bin  7.  In  one  case.  105.00c 
(1"  loj"  F.)  :  in  another.  24,500  (t"  95°  F.)  ;  just  before  death  in  a  third.  6(400 
The  high  counts  were  nearly  all  in  those  with  the  slight  fever  so  often  prescnl. 

Cabot  reports  a  case  ivith  perforation  into  the  peritoneum  followed  by  quickly 
fatal  peritonitis  and  a  count  of  J05.600.  We  suspected  this  condition  in  a  case  the 
count  of  which  rose  to  izo.ooo,  an  almost  pure  leucocytosis,  but  were  unable  to  gel 
an  autopsy. 

The  percentage  of  large  mononuclears  has  been  found  rather  high  ( i  to  10 
per  ceni,  1  :  in  one  case  before  death  even  33  per  cent,  of  a  total  count  of  6joo 
(Kurpjeveii). 

In  carcinoma  of  the  cesophagus  the  blood  is  concentrated,  giv- 
ing a  high  content  of  dried  substances;  in  v.  Noorden's  cases.  26.5 
and  27.3  ]>er  cent.,  yet  even  in  those  cases  there  inay  be  an  oligreinia. 
If  the  cancer  e.xtends  to  the  larynx,  causing  dyspncea.  the  count  may 
be  high  from  the  cyanosis. 

Of  our  6  recent  cases,  in  one  case  (he  red  count  was  5.960,000.  the  lowesl 
4.184,000,  and  in  another  the  fir^t  blood  examination  gave  4,696,000.  85  per  cent 
hemoglobin.  6000  leucocytes:  a  later  count  was  6,476,000,  104.  and  19.000  re- 
spectively. Five  of  the  cases  showed  a  leucocytosis,  the  highest  .10.250.  In  i.i 
ca.K's  of  cancer  of  the  liver  or  general  of  the  abdominal  organs,  cases  in  which  all 
conditions  were  favorable  for  rapid  and  extensive  growth,  it  is  intereslinK  that  in 
but  two  was  the  red  count  below  .1,000,000.     In  27  cases  of  cancer  of  the  bile-ducts 
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the  lowest   red   count  was  3,700,000,   and   in   five  the  leucocytes  above   10,000;    in 
one  case,  44,150  (t°  100°  F.)- 

In  4  cases  of  cancer  of  the  rectum  the  reds  were  scarcely 
reduced  (lowest,  3,732,000,  the  rest  about  normal).  There  was  a 
leucocytosis  in  two,  of  13,100  and  19,750  {t°  100°  F.). 

In  10  cases  of  cancer  of  the  intestine  3  showed  marked  anae- 
mia; in  one,  reds  1,600,000;  hxmogJobin,  40  per  cent.;  leucocytes, 
2500;  situation,  the  ileum;  the  other  had  1,780.000  reds,  28  per 
cent,  haemoglobin,  and  10,000  leucocytes;  this  patient  was  a  nephritic 
as  well:  the  third,  reds,  1,609,000;  hasmogjobin,  40;  leucocytes  (one 
week  before),  7500;  situation,  the  sigmoid  flexure.  The  other  red 
counts  were  from  4,000,000  to  4,500,000,  four  cases;  the  highest, 
5,348,000;   but  2  of  the  9  showed  a  leucocytosis. 

Our  other  cases  of  carcinomata  showed  no  striking  features,  ex- 
cept one  of  the  testicle,  with  2,832.000  red  cells  and  9600  leucocytes. 
Cancers  of  the  kidney  show  usually  high  leucocyte  counts,  even 
54.000.  We  had  no  such  case.  Also  of  the  thyroid  (71,000),  and 
some  of  bone  (52.700). 

In  ■arcoma  there  is  in  general  the  same  condition  as  in  carcinoma, 
but  some  think  that  the  effect  on  the  blood  is  worse.  We  could  not 
believe  this  from  the  study  of  our  cases.  This  may  be  true  particu- 
larly if  the  bone-marrow  or  the  lymph-glauds  are  especially  involved; 
then  a  severe  aniemia  and  high  leucocytosis  are  the  rule.  In  a  case 
of  osteosarcoma  the  red  blood-cells  were  663,400  (Hayem);  in 
another  case,  1,118,000;  hemoglobin,  28  per  cent.;  leucocytes,  68,- 
200:  in  still  another  case,  2,240,000;  hsemogjobin,  48  per  cent.; 
and  leucocytes,  54.000  (the  last  two  of  v.  Limbeck).  Yet  other 
cases  have  counts  even  above  6.000,000.  while  still  others  present  the 
appearance  of  a  primary  pernicious  anemia.  The  nucleated  reds  are 
said  to  be  less  numerous  than  in  carcinoma.  The  hemoglobin  is  said 
to  be  more  reduced  than  in  other  cancers,  tlie  average  being  about  50 
per  cent.,  with  30  per  cent,  not  rarely,  while  cases  even  below  10  per 
cent,  are  reported.  The  leucocytes  in  cases  of  osteosarcoma  average 
about  17,000.  They  are  more  constantly  increased  and  to  a  greater  de- 
gree than  in  cancer,  the  cases  resembling  leukemia.  ,\niong  the  qual- 
itative changes  an  increase  in  the  polymorphonuclear  neutrophiles  is 
less  common  than  in  cancer,  but  it  may  be  present  when  there  is  no  leu- 
cocytosis. This  is  said  to  have  diagnostic  value  as  against  cancer.  In 
some  cases  there  is  a  large  percentage  of  eosinophile  celts,  even  50 
per  cent.,  with  little  evi<lence  that  it  is  fUie  to  bone  metastases.  Mye- 
locytes are  sometimes  increased.  Tlie  old  question  whether  all  these 
cells  are  leucocytes  or  free  sarcoma  cells  recurs  often,  for  the  increase 
often  seems  due  to  the  small  mononuclears. 

Lon. — Lues,  according  to  v.  Limbeck,  is  the  best  illustration  of 
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the  dictum  that  no  blood  picture  can  be  considered  characteristic  for 
the  aniemia  due  to  any  one  disease.  In  this  case  the  blood  picture 
may  be  the  most  varied,  simulating  anything  from  chlorosis  to  per- 
nicious anasimia.  The  anaemia  is  particularly  striking  in  the  case  oi 
women.  At  first  of  the  chlorotic  type,  it  may  at  the  end  simulate  a 
pernicious  anaemia  even  of  the  severest  grade,  with  a  count  of  4j8,- 
ooo  cells ;  some  cases  of  acquired  lues  have  a  practically  norma!  blood, 
but  this  is  unusual. 

It  is  important  to  separate  the  effect  of  the  disease  as  such  from 
that  of  the  overtreatment  with  mercury.  In  an  untreated  case  this 
chlojotic  condition  develops  to  a  degree  which  deiwnds  on  the  dura- 
tion and  on  the  severity  of  the  infection,  then  will  gradually  impro\-e, 
with  the  improvement  in  general  condition  spontaneously,  or  more 
rapidly  if  the  case  is  then  treated. 

During  the  primary  stage  a  severe  chlorotic  anaemia  is  the  rule, 
and  any  one  following  large  European  skin  clinics  is  struck  by  the 
importance  that  is  placed  upon  this  anreniia,  particularly  in  the  case 
of  women,  in  the  diagnosis  of  a  primary  sore.  Some  say  that  the 
count  will  remain  normal  while  the  h.'emoglobin  diminishes  con-iid- 
erably.  During  the  transition  from  the  primary  to  the  secondary 
stage,  one  of  the  first  signs  of  the  dissemination  of  the  disease 
throughout  the  whole  body  is  the  appearance  of  the  rash  and  a  fur- 
ther diminution  of  h,Tmoglobin.  Yet  the  count  remains  nearly  nor- 
mal, while  in  a  few  days  there  may  be  a  loss  of  hrcmoglobin  of  25  to 
,^0  per  cent.  If  untreated,  the  percentage  may  soon  be  as  low  as  2\ 
per  cent.,  and  red  Iiloiid-cells  also  drop,  even  j^o.ooo  cells  per  d:iv. 
The  severity  of  the  an;emia  depends  011  the  condition  of  the  iKiticnt. 
age,  treatment,  etc.  In  well-treated  cases  a  rapid  regeneration  fal- 
lows. 

I.EL'c'ofVTics. — During  the  Icrtiary  stas;c  with  severe  aiireniia  there 
is  often  a  lencucvtosi-;  with  a  lii^'h  Ivmph'icvto;.!^.  Mvclocvtfs  .ire 
pre--oiit  in  a  severe  case.  This  kniCDcytosis  is  an  aid  in  excUidiiisf 
pcniiciuus  an;i-niia. 

In  an  adult  a  high  lynipliocytosis  and  an  cosiiiophilia  sugge?t 
lues.  In  the  case  i^)f  a  chiM  it  could  also  be  rickets.  A  Imv  lirL-nni- 
gli.bin  with  high  percentage  of  small  mononuclears  indicates  a  severe 
case. 

In  the  primary  stage  the  ieucncytcs  are  normal,  or  tliore  is  a  -ihglit 
Icucocylosis  with  an  increased  ])ercentage  of  lymphocytes.  If  uht- 
cury  be  ,i,'i\on  the  ]>erccntnge  of  tlic  ])olymorplionuclear  neutrnphiWi 
rises,  the  rowrse  nf  the  action  of  mercury  in  a  normal  case. 

Din-ing  the  secondaries  the  leucocytes  vary  fmni  tjt.otki  to  iTloiX). 
the  Ivmphocvtes  an'l  ensino])hilcs  are  increased,  the  latter  especially 
with  the  ]t;ipnlar  sypliilide. 
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In  19  cases  of  secondary  lues  the  red  cells  were  diminished  but  slightly  (mini- 
mum. 4Jioosx)0;  above  5,000,000  in  6).  the  hxmoglobin  was  evidently  more  affected 
(40  to  90  per  cent.;  mean,  75  per  cent.;  color-index,  0.5  to  o.g;  mean,  0.7).  the 
leucocytes,  as  a  rule,  were  normal  (in  11  cases  below  10,000,  in  3  between  to.ooo 
and  12,000),  except  in  cases  of  high  fever  (luetic  fever  of  secondary  stage),  of 
which  there  were  5  cases,  in  four  with  the  leucocytes  between  12,000  and  24.000, 
and  dropping  with  the  temperature. 

There  was  a  slight  rise  of  leucocytes  during  the  primary  stage  (average  gooo). 
During  the  secondaries  the  count  depended  on  the  skin  lesion  and  the  fever,  varying 
from  gooo  to  24,000,  or  even  50,000;  average,  12,000  to  15,000.  During  the  tertiary 
stage  the  count  varied  much,  sometimes  a  slight  rise,  sometimes  leucopenia.  In 
hereditary  lues  the  count  has  been  found  high,— iz,ooo  to  24.000. 

In  tertiary  and  hereditary  lues  the  reds  are  more  seriously  affected 
both  in  number,  size,  weight,  and  color.  Megalnblasts  are  coininon.  TTie 
picture  may  resemble  that  of  the  primary  pernicions  type,  especially 
old  cases  with  much  scarring  of  organs  and  sclerotic  bone-marrow. 
Some  cases  reporjed  in  children  are  probably  of  anaemia  pseudo- 
leukiemia  infantum,  and  yet  here  the  megaloblasts  do  not  predominate. 
Miller  reported  a  case  with  720,cxx3  reds,  18  per  cent,  haemoglobin, 
with  normoblasts,  megaloblasts.  even  gigantoblasts,  microcytes.  and 
poikiloc)-tes.  In  the  hereditary  lues  of  infancy  the  anxmia  may  be 
fatal.  The  a\erage  leucoc\-te  count  of  25  cases  was  7050.  Large 
nucleated  reds  containing  little  hemoglobin  are  important  (Cima). 

Following  mercurial  treatment  the  cells  rise  even  100,000  cells 
a  day.  the  rise  sometimes  ending  in  even  a  slight  hypercytha;mia. 
But  the  rise  is  often  preceded  by  a  drop  (since  those  red  cells  in- 
jured by  the  disease  are  first  destroyed  by  the  mercury?),  hence  some- 
times a  hscnioglobinuria  and  a  drop  in  llie  count  immediately  after 
the  inunction,  followed  by  rapid  regeneration  and  improvement  in  the 
general  condition.  If  the  treatment  is  carried  to<j  far  it  may  itself  be 
the  cause  of  an  anaemia.  The  length  of  treatment  is  therefore  set 
at  twenty-four  days  by  some  (Gaillard),  but  the  indi\i(luai  varia- 
tions are  considerable.  Conried  advised  from  twenty-five  to  tliirty-live 
inunctions;  others  say  to  give  ihese  ail  libilum.  In  general  the 
count  rises  for  fourteen  days,  and  if  the  mercury  is  continued  beghis 
to  fall  in  twenty-four  days. 

Of  23  of  our  cases.  7  of  which  were  of  cerebral  lues,  the  red  cells 
were  alrove  5.000.000  in  g  cases, between  4,000,000  ;ind  5.000.000  in  10, 
and  the  lowest  count  2.870.000.  The  cnlor-index  varied  from  0.4  to 
0.9 :  mean.  0.67.  The  leucocytes  were  below  10.000  in  20  of  20  cases. 
They  varietl  from  10.000  to  18.500  in  the  other  9  cases:  C\  were  cases 
of  high  luetic  fever:  one  was  the  malignant  type  (  iTlSoo.  im  fever!  : 
the  case  with  18.500  had  large  gummata.  In  one  ciTcbral  ^■,^s^■  the 
leucocytes  were  3000.  in  another  2100. 

JfSTUs's  Test. — A  large  inunction  or  injection  of  mercury  given 
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a  case  of  lues  before  the  rash,  yet  at  a  time  when  the  general  tatixp- 
ment  of  the  lymph-glands  shows  that  the  toxine  is  now  dissaniiiated 
throughout  the  whole  body,  is  followed  by  an  immediate  dn^  b  &t 
luemoglobin  of  frcKii  lo  to  20  per  cent.,  and  then  a  rise  to  normal  or 
even  above  normal,  in  frcHii  one  to  several  days,  witli  iroprovenKnt  of 
all  the  symptoms.  This  drop,  which  is  both  rafud  and  considerate,  e 
spca&c  for  a  case  of  florid  lues  (but  Cabot  found  it  in  a  case  of  diloro- 
sis).  It  may  be  obtained  in  any  form  of  lues,  late  primary,  secondary, 
tertiary,  or  hereditary,  provided  the  disease  be  at  that  time  florid,  bat 
not  when  or  just  before  the  symptoms  begin  to  recede,  as  with  cicatri- 
zation, desquamation,  etc.  It  may  again  be  obtained  in  case  of  rdapK 
and  until  it  has  passed  its  climax.  It  is  not  present  during  the  priniarf 
stage,  so  long  as  the  infection  is  limited  to  the  chancre  and  its  ndgb- 
boring  glands,  but  only  after  the  toxine  has  become  generally  sprtaA, 
as  shown  by  the  swelling  of  distant  glands.  It  cannot  be  used  e&rly  to 
differentiate  a  hard  and  a  soft  chancre.  This  will  explain  the  dissatis- 
faction many  have  with  the  Justus  test. 

As  explanation  it  is  thought  that  the  mercury  kills  oflf  the  dam- 
aged red  blood-cells  which  are  soon  replaced  by  new  ones. 

This  test  which  promised  so  much  has  been  rq)eatedly  tried  1^ 
various  men.  Many  fail  to  get  it  in  cases  which  turn  out  to  be  lues, 
yet  in  nearly  all  of  these  cases  the  test  may  have  been  aiq>lied  too 
sooru  Others  have  found  the  test  in  other  diseases;  for  instance, 
Brown  and  .Dale,  Jones,  Da  Costa,  Cabot,  and  Huger.  Justus  has 
lately  reiterated  his  claim  for  its  specificity,"  and  certainly  answers 
well  his  critics.  While  the  test  may  not  be  pathognomonic,  it  is  still 
valuable. 

Renal  DiBease.— The  kidneys  play  an  important  part  in  the  control  of 
the  composition  of  the  blood,  hence  in  nephritis  the  plasma  changes 
are  early  and  most  important:  a  loss  of  albumin,  lowered  specific 
gravity,  and  in  general  all  the  sij^s  of  a  chronic  secondary  anxmia. 
This  may  in  part  be  due  to  the  actual  loss  of  albumin  in  the  urine,  the 
"  serous  hemorrhage"  of  some  writers,  but  in  acute  cases,  perhaps 
chronic,  there  is  evidence  of  the  presence  of  a  toxine. 

In  the  ACUTE  hemorrhagic  nephritis  especially  the  count  may 
be  very  low,,  even  1,000.000,  but  usually  the  anxmia  is  moderate,  and 
of  this  much  is  only  apparent. 

In  12  recent  cases  of  acute  nephritis  there  were  but  two  low  counts,  z,6n},000 
and  2.goo,OQO;  a  leucocytosis  in  five.  11,400  to  18,900.  In  50  cases  of  Cabot  the 
lowest  red  count  was  3.568,000.  but  the  leucocytes  were  above  normal  in  31  of  the 
cases ;  highest  count,  50.000.  Cabot  thinks  the  ieucoc)^osis  due  to  loss  of  blood  by 
the  kidneys  or  to  uriemia ;  but  nephritis  is  an  acute  febrile,  perhaps  infectious  disease. 
and  we  think  the  leucocytosis  may  thus  be  expected. 

"Deulsches  Arch,   f,  klin.  Med.,  1903,  vol.  Ixxv.  p.   i. 


THE  BLOOD:   CHfiOSIC   DISEASES  Wft 

In  CHRONIC  NEPHRITIS  SO  many  factors  conip  inn>  plav  tluU  tin- 
blood  picture  is  not  clear.  Yet  the  influence  of  nearly  all  tliosi-  lai-i.ns 
is  to  cause  anaonia.  Among  them  is  the  conilition  of  the  licHri ;  ilu' 
oedema  and  hydraemia;  the  wretchetl  condition  of  the  jjasii-o-inU-s- 
tinai  tract,  vomiting,  diarrhoea,  poor  appetite,  and  the  inlliienci-  i.f  iju- 
purges.  The  result  is  often  a  lowered  count,  a  still  more  Kiworvd 
haemoglobin,  and  an  hydrsemic  plasma. 

In  103  cases  of  chronic  nephritis  the  red  cells  were  1 700.000  in  one  ciisi-,  hi'twcni 
2.000,000  and  3,000,000  in  13  cases,  between  3,000,000  and  4.000,000  in  j$.  iivi-|- 
5,000,000  in  19;   mean,  4,500,000. 

The  hemoglobin  in  99  cases  was  between  2o  and  30  per  cent,  in  3  cnses,  trmii 
30  to  SO  in  29,  above  80  per  cent,  in  17;  mean,  62  per  cent, ;  hence  the  miiiii  lolcir- 
index.  0.7,  which   is  almost  normal. 

The  leucocytes  in  80  cases  without  urzmia  were  below  $000  in  4  raws,  stxio 
to  10,000  in  43,  above  10.000  in  33,  and  of  these  the  highest  wire  between  jimnmi 
and  30,00a 

In  33  cases  with  uraemia  the  highest  was  35.900,  above  10,00a  in  15  cd^cs,  hr-low 
jooo  in  21  mean,  about  900a  It  is  seen  that  in  our  cases  those  with  nrxinia  did 
not  differ  much  from  those  withotit. 

A  most  interesting  group  is  of  the  cases  somewhat  resciiilth'ng 
pernicious  anaemia,  and  with  only  nephritis  to  explain  the  cniiditi'M). 

A  case  from  this  clinic"  is  a  good  illustration  iif  thi.-i,  or  of  the  sinnill.inc'iii'i 
occurrence  of  the  two  diseases.  The  patient  was  a  man  39  years  old;  red  rdls, 
t,4fX>aoo;  hsemoglobin,  27  per  cent.;  leucocytes,  7000  (pmn.  n.,  R8  per  cent.;  1.  in.. 
8  per  cent.;  I,  m.,  3  per  cent.;  eosinophiles,  2  per  ceni,).  There  was  no  [Kiikilury- 
tosis,  and  but  one  nucleated  red  found.  The  urine  was  of  low  specific  gravity,  with 
much  albumin  and  many  casts. 

Cabot  reports  such  a  case  with  iH468.otx]  reds;  hzmoglcibin.  23  per  rr-nt. ;  leu- 
cocytes, 3800  (pmn.  n.,  70  per  ccnL ;  s.  m.,  23  per  cent. ;  I.  m,,  44  per  cent. ;  e'l^ino- 
philes,  2.6  per  cent.;   megaloblasts,  normobla.sts,  and  (Hiikil'icylcs/. 

In  the  case  of  Labbe  the  red  blood-count  was  5no,ryjo;  ha:m'iKl''l'ii',  i  Km'<.; 
the  cells  pale,  irregular  in  form  and  ^ize:  nucleated  red'  ralhirr  >im.-ill :  m'>n'i- 
nuctears,  39  per  cenL  Recovery  was  rapid.  He  suggcslt  that  thi:  ana-mia  'a^-  for 
the  most  part  that  of  dilution.  In  another  case  the  red  bl'i'id-relln  'Atrri  ii/f.^O 
and  the  color-index  over  i:  and  in  a  third  the  count  was  i/xxi/xi'i.  ,At  ai.-*'.piy 
in  such  cases  nephritis  is  the  only  le«ion  found.  Th(:re  w«re  prarti'ally  r.'.  -.gni 
at  blood  destruction,  nor  of  regeneration,  nor  of  m'Tgalobla^itc  'I'rjp-ri-rs'K.n  'if 
the  marrow.  It  is  a  qtiestion  how  much  of  thi  lo*  ':oiint  ih»  hyirrrr.;!i  *:[! 
explain,  but  there  i«  certainly  =ome  relation  be;'*een  thr  anemia  and  thr^  'rd'^rr.a, 
and  the  hydnetnia  which  accrimpontet  the  atuemia. 

We   menttoa   two  other   cases    with    arterirrtcleroiit   and   chrrmir   r-f^hr-.'-it  - 
the  one,  a   woman,  fiftj-ioar  year*  of   a^».   red',.   aAwr/yi:     hiKrr.r^'.'A-.r,.    at   '^t 
cent;    leucricyie*.  6000:    m>  fever;    :he  '.'h'r.   n   tr.ar,   'h:r*y--*o   yrsr*   ;'.''..   f"'.'- 
I773J)00:    hjctTMgtijbiii.  22  per  cert.:     I'r:r.,'.<;.>i     uurr,    ''.'.    *h:'.'r,   ',(    -i^-:   "T' 
were  pmn.  n.i.    The  Icaaxftt^  Uttr  f.*-*  v,  ii'.rtf,-.  h*  ;-;'•  •.'-,•:  \j.  y.'i.'    .r  -. 
proved. 

In  interstitial  nqrfirrtis  the  cntnt  \'.  norma!  ar  fif-t.  >.rA  ■/.''.'■'■".'r: 

to  the  end-     The  non'Ift:''-n  of  '}-.*:  -«st-  '■-   :-riV,r*sr:*       '.> -'  "^ 

acute  exarerfiatiot!^.  Viwe^-er.  a  •"■■/'.'  y.-t  *rr-- 7  ■'  •'-*  '■:-•       '  r-- 
mon.  perhao*  -fce  to  the  frv/frwrr-:? 
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In  BILATERAL  CYSTIC  KIDNEY  there  was  atifemia  in  both  of  2  cases. 
4,200,000  and  2,800,000;  a  leucocytosis  of  13,500  and  36,000. 

Diaeaaea  of  the  Liver.  CATARRHAL  JAUNDICE. — "  Occasionally  there 
is  a  slight  leucocytosis  at  the  onset,  otherwise  normal  blood,  with 
some  degenerative  changes  in  severe  cases"  (Cabot).  An  increased 
resistance,  rigidity,  and  size  is  claimed  for  the  red  cells. 

Of  27  of  our  cases,  the  red  count  was  normal  or  even  above  normal  In  i6: 
the  lowest.  3,000.000:  the  mean,  5,000,000  in  the  male  patients.  An  inlere^tin; 
feature  was  the  rise  in  the  count  of  300,000  to  750.000  cells  while  in  the  hospital. 
Of  the  27  cases,  in  20  the  leucocyte  count  was  10,000  or  below;  in  3,  from  lojoo 
to  10,500;  and  in  4  fiom  14,200  to  19.500;  these  cases  all  with  slight  temperature. 
The  cells  fell  rapidly  to  normal  after  admission.  A  leucopenia  follows  in  some 
cases  (Bezan^on  and  Labbe). 

The  plasma  of  the  centrifugalized  blood  is  bile-stained.  Coagula- 
tion time  slow. 

To.xic  Jaundice. — Of  this  we  had  three  fatal  cases.  Of  one, 
the  red  cells  were  3,570,000;  haemoglobin,  65  per  cent.;  leucocytes, 
11,400:  the  second,  5.280.000,  75  per  cent.,  7000:  and  the  third, 
5,400,000,  65  per  cent.,  and  12,500  respectively. 

Gall-Stones. — A  mild  leucocytosis  during  the  attack  of  colic  is 
very  common,  a  high  one  rare.  During  the  colic  the  count  in  our  cases 
(36  in  numljer)  took  a  sudden  jimtp  to  about  15,000,  but  in  cases  of 
stone  in  the  common  duct  with  the  chills  and  fever,  it  was  higher,  even 
24,700.  The  red  celts  varied  from  2,800,000  to  6,400,000:  mean. 
4,300.000.  In  a  case  with  hemorrhage  they  fell  to  1.880,000:  hremo- 
fjlnbin.  23  per  cent. :  Icucncyles,  17.500.  The  coaijtilatinn  time  slinuM 
be  tested  before  any  proposed  operation,  and  if  found  increased,  a 
long  course  of  calcium  chloride  treatment  until  it  is  norni;tl  is  advised. 

Cii()[,i:cvsTiTis. — Tlic  leuciicytcs  arc  invariably  higli,  from  20.000 
to  27.000  (  liloiKli^niodl.  In  one  of  our  cases,  46,500.  .\s  the  case 
becomes  chronic  the  count  falls  nearly  or  (piile  to  normal. 

Ciioi..\NGrris. — Of  5  cases  the  leucwyies  were  16.000.  33.160 
(fatal),  I  i.6oo  (t,"  103.5°  )■  9000  (t."  103^).  and  6.400  (I.-'  io6= 
—fatal).  " 

.\i!S(:kss  or  I.i\'i:r. — During  the  acute  process  the  IcuccKvtcs  may 
be  hifih,  but  later  arc  lower,  or  nnrmal  when  the  temperature  is  nor- 
mal. Futcher""  found  the  average  in  15  cases  to  be  18.350,  the 
niaNinuim  53.000.  The  reds  were  2,600,000  to  5.600.000.  me.in, 
4.200,000:    mean  of  h.Tmoglobin.  60  ])er  cent. 

CiKRiiosrs  or  ttti-:  I.ivf.r  (.\tuophic). — Early  there  is  no  chaiiLie 
in  the  red  cells,  later  an  ana>niia.  Da  Costa's  average.  3,404.0011; 
Cabot's,  3.580,000;  and  one  case,  i,3no.cxD0.  The  leucocytes  are  nrir- 
mal  or  lnw.     In  our  32  cases  the  red  cells  varied  from  3,11x3,000  lo 

"Jinir.  .■\ni.  Mi-il.  .A^i'oc,  .August  32.  1903. 
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5,900,000,  mean,  4,500,000;  haemoglobir.  mean,  68  per  cent.  Leuco- 
cytes in  30  per  cent,  of  cases,  over  10,000 ;  the  highest,  16,000. 

Hypertkophic  Cirrhosis  (of  Hanot). — Hayeni  reported  a  case 
with  extreme  anxnita.  We  have  had  five  cases ;  in  2  the  count  was 
high,  7,800,000  and  8,500,000;  and  in  one  as  low  as  Hayem's  case, 
1,504.000;  hiemoglobin,  28;  leucocytes,  6100  (the  count  rose  later). 
In  two  there  was  leucocytosis  (11,000  and  12.800). 

Acute  Yellow  Atrophy. — The  cases  reported  have  had  normal 
red  blood-coimts  and  moderate  leucocytosis.  In  a  recent  case  of  this 
clinic,  a  boy  14  years  old,  the  reds  were  4,800,000  and  leucocytes 
12,700. 

Leprosy  (v.  Limbeck). — Early  no  change  is  noted,  but  after  a  few 
years  develops  usually  a  pseudochtorosis  with  a  normal  count.  After 
general  malnutrition  begins  the  anaemia  becomes  more  marked,  and 
yet  is  rarely  very  severe  (in  one  case,  however,  2.290,000  red  blood- 
cells,  55  per  cent,  of  hemoglobin ) .  Leucocytosis  has  not  been  found, 
these  cells  varying  from  4000  to  8000  per  cmm. 

Heart  Disease. — While  compensation  is  good  the  blood  is  normal, 
but  with  acute  loss  of  compensation  and  a  low  blood-pressure  the  blood 
is  hydraemic,  hence  the  count  is  low.  With,  however,  the  chronic 
stasis  which  follows,  and  the  cyanosis,  the  blood-count  rises  and  may 
conceal  an  anaemia.  The  worst  anaemia  is  seen  in  aortic  valvular  in- 
sufficiency, as  in  a  case  with  reds.  3.400.000;  haemoglobin,  30;  leuco- 
cytes, 8000:  and  if  the  blond  condition  improves  the  heart  may  regain 
its  compensation.  In  congenital  heart  disease  with  extreme  cyanosis 
the  condition  of  the  blood  is  particularly  interesting,  as  it  is  in  these 
cases  that  we  get  not  rarely  a  polycythsemia  with  red  cells  between 
eight  and  nine  millions. 

During  the  loss  of  compensation  in  29  males  ivilh  [■arc  milrat  disease  the  count 
varied  from  3,000,000  to  7.500,000.  and  the  mean  6,200,000.  In  46  women  tlie  mean 
was  4.700,000,  but  the  extremei,  3,500.000  and  8,000.000.  There  were  intere.sling 
jumps  of  from  1,000,000  lo  2,000,000  cells  while  under  treatment. 

In  ^^  cases  of  pure  aortic  disease  the  mean  was  5,200.000;  these 
cases  showei!  a  lower  blood-count,  as  a  rule,  on  each  admission. 

In  29  ca.ses  of  arteriosclerosis  (ijo  important  cardiac  lesions)  the 
mean  was  also  5,200.000.  In  34  cases  i)f  aneiirlsm  of  the  thoracic 
aorta  the  mean  was  5,500.000;  in  five  men  with  aneurism  of  the 
abdominal  aorta,  4,500.000. 

Addison's  Disease. — A  hypocytli.'emia  is  the  rule,  tire  cells  varying 
from  2,000,000  to  3.000.000;  in  one  case  1,120.000:  in  other  cases. 
however,  the  reverse  is  true,  and  the  count  may  be  even  above  7.000,- 
000.  Some  consider  that  the  anaemia  is  due  to  a  c implication,  and 
not  to  the  disease  itself.     Others,  that  there  is  always  an  oligieniia. 
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but  that  this  is  covered  by  the  concentration  of  the  blood,  and  cite  a 
case  with  true  oHgaemia  and  a  count  of  4,774,000  cells. 

Myxoedema. — In  myxoedenia  the  count  may  be  increased,  dimin- 
ished or  normal.  Many  find  an  anaemia  which  improves  with  treat- 
ment. Some  have  found  an  increased  diameter  of  the  red  blood-cells, 
which  decreases  under  treatment,  also  many  nucleated  reds;  that  is. 
an  infantile  condition  of  the  blood.  The  platelets  were  in  a  recent  case 
much  increased. 

Rickets. — Anjemia  is  the  rule,  generally  of  a  mild  grade,  but  some- 
times intense,  xapid,  and  even  pernicious. 

Scurvy. — The  count  varies  generally  from  about  3,000,000  to  4,- 
000,000  cells.  If  the  case  is  accompanied  by  much  hemorrhage  the 
anasmia  is  more  intense.  In  Buchard's  case,  after  three  weeks  with 
considerable  epistaxis.  the  count  was  557,000.  In  some  grave  cases 
macrocytes,  microcytes,  and  fragmented  reds  are  found.  The  color- 
index  is  reported  low. 

The  Value  of  Blood  Examination. — Much  has  lately  been  written 
of  the  value  of  blood  examination.  But  its  "  value"  is  measured  by  the 
"  practical  use"  which  may  be  made  of  it,  and  not  by  any  interesting  yet 
"  useless"  information  it  may  throw  on  the  case.  The  question  is  a 
fair  one,  especially  since  vast  numbers  of  pages  of  matter  have  been 
printed  to  prove  blood  counting  indispensable. 

The  first  point  we  wish  to  emphasize  is  that  blood  examination  is 
of  much  greater  value  to  the  medical  man  than  to  the  surgeon.  The 
internist  cannot  dispense  willi  it:  the  surgeon  can.  Some  diseases 
are  best  diagnosed  in  this  way.  .-Vniong  thcni  are  malaria  :  especially 
the  fonns  without  definite  ]>aroxysms  and  with  aiypical  course,  which 
pass  otherwise  as  typjioid  fever,  meningitis,  urieniic  coma,  pernicious 
ana'inia,  appendicitis,  lidiercnJosis.  dysentery,  even  Raynaud's  dis- 
ease (cases  with  superficial  gangrene),  tlie  long  li.st  of  diseases  which 
atypical  ]»ernLcioiis  mnlarin  may  simulate,  and  failure  to  recognize 
which  results  in  the  unnecessary  deatli  of  patient.  Trypanosf>miasis 
and  infectiims  with  the  Leishman- Donovan  bodies  can  be  recognize*! 
only  by  splenic  puncture.  I'ernicious  anrcmia  is  t|uite  uuifonnlv  ovtT- 
loo!<ed  without  bIoo{i  examination,  and  the  cursory  glance  at  a  fresh 
blood  specimen  .'Sometimes  saves  the  patient  from  a  course  of  treat- 
ment for  jaundice,  peripheral  neuritis,  or  tabes,  with  which  diagnosis 
patient-;  are  repeatedly  admitted  here.  Blood  examination  is  neces^arv 
for  the  diagnosis  of  splenomyelogenous  leukremia,  and  that  this  has  a 
practicnl  value  is  shown  by  the  fact  that  the  majority  of  our  ca^e'; 
come  to  the  surgical  side  for  ahilominal  tumors  {enlarged  spleen), 
and  are  sent  to  us  after  a  glance  at  the  fresh  blood.  The  diagnosis 
of  lymphatic  leukaemia,  acute  leukarmia,  or  pseudo-leukajmia,  can  he 
made  oiilv  in  this  wav. 
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For  the  early  (Jiagiiosis  of  typlioid  fever,  measles,  scarlet  fever, 
etc.,  the  leucocyte  count  is  valuable,  tlie  absence  of  leucocytosis  being 
mucb  more  siig|;esii\c  than  its  presence;  also  in  acute  qjidcmic  cere- 
bros])inal  meningitis,  ami  various  abscess  fonnations,  as  of  the  liver  or 
brain. 

ilie  leucocytosis  is  very  valuable  in  pneimionia,  especially  central, 
and  that  of  children  and  drunkards.  An  ever-increasing  number  of 
eases  of  inchinusis  arc  recognized  by  the  cosinophilia  alone;  chronic 
poisoning  with  coal-tar  pruducts  was  recognized  in  a  neighbiiring  city, 
notwithstanding  the  violent  denials  of  the  patient  and  her  husband; 
various  tulwrculous  infections  are  thus  differentiated:  the  secondary 
an.-i;mi.is  <lue  to  cancer,  from  primary  anarinin.  These  are  only  a  few 
illustrations  of  the  more  interesting  uses  of  blood  examination. 

For  the  surgeon,  except  as  a  differentiating  diagnostician  and  for 
lat  he  nceils  the  blo<:>d  report  as  much  as  the  internist,  the  case  is 
different.  For  him  blood  examination  is  almost  synonymous  with 
leucocyte  coimting.  We  can  well  appreciate  the  position  of  those 
men  to  whom  blood-work  is  a  novelty,  who  were  succe'^sful  surgeons 
before  its  day,  who  pride  themselves  that  they  do  not  need  it  and, 
in<leed.  are  better  off  without  it;  of  the  men  who  try  to  use  it.  have 
never  studied  it  tlicmsclvcs  but  must  dc])cnd  on  assistants  to  interpret 
results  tor  ihem,  and  who  complain  of  the  times  they  have  been  de- 
ceived; they  expect  too  much  from  it;  and  of  those  who  were  once 
the  blood-counting  assistants  themselves,  who  Ijelicve  and  often  make 
good  their  boast  that  they  can  guess  from  the  patient's  general 
condition  what  the  count  in  his  case  is,  and  if  another  figure  is  rc- 
jxjficd  demand  its  confirmation  or  are  sceptical  as  to  the  assistant's 
skill. 

The  question  the  surgeon  usually  demands  of  a  leucocyte  count  is 
"  Sliould  I  operate  or  not?"  on  a  suspicious  case  of  appendicitis,  ty- 
phoid perforation,  etc..  ami  for  this  problem  the  count  is  half  a  point 
and  the  intcqiretation  of  it  the  other  half.  .Mmost  never  can  the  count 
decide  the  (juestion  alone.  Some  surgeons  state  they  value  U;  more 
disregard  it.  The  former  never  consider  it  as  more  than  one  of  many 
symptoms,  and  very  seldom  as  important  an  one  as  is  the  history,  the 
physical  examination,  temperature,  pulse,  etc.,  but  still  of  some  help. 

In  acute  abdominal  and  pelvic  cases,  when  the  question  is  one  of  an 
immediate  operation,  leucocjtc  counts  arc  not  indispensable,  A  man 
who  knows  well  the  field  uses  the  blood  report  when  convcnieiU,  that 
is  all.  One  confession  of  its  inadequacy  is  the  value  claimed  for  the 
iodine  reaction,  etc. 

Both  the  medical  man  and  the  surgeon  should  remeniher  that  one 
count  is  seldom  enough,  any  more  than  is  one  temperature  determina- 
tion eiiorgh:   it  is  the  series  that  counts  in  diagnosis,  just  as  il  is  in 
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following  a  case  awaiting  operation.  Unfortunately,  blood  examina- 
tion takes  time;  yet  not  as  much  as  is  sometimes  thought.  A  good 
haemoglobin  estimation  can  be  made  in  from  five  to  ten  minutes,  i 
leucocyte  count  in  fifteen. 

For  our  American  clinics  the  message  is,  less  routine  blood-worit, 
but  a  better  quality  of  that  which  is  done.  The  examination  of  the  fresh 
specimen  will  save  a  great  many  unnecessary  routine  counts.  But 
when  the  blood  examination  is  important,  as  it  so  often  is  in  internal 
medicine,  the  work  should  be  well  done  and  repeatedly  done;  well 
done  as  regards  technic,  consideration  of  the  condition  of  the  pa.l 
pricked,  the  hour  of  the  last  large  meal,  etc. ;  repeatedly,  until  the 
curve  is  determined, 

MALARIA 
A   (ew   of   the   terms   needing   detinilion   are   the   following :     Schiaogone,  the 

asexual  generation;  gamcloschizonl,  thl^  sexual  generation;  sclji:oHt,  or  monont, 
a  parasite  of  the  asexual  generation;  merozoilc,  a  segment  (hyaline):  gamtU 
form,  one  of  the  sexual  generation.  Of  the  gamete  forms,  the  mairoganictc  is  the 
female  cell;  the  microgamctocyte,  the  parent  male  cell;  and  microgamcte  the 
male  cell,  which  is  one  '"  flagellum"  of  the  microgametoeyte.  Sporogone,  the  cycle 
in  the  mosquito;  vrrmiculus,  or  ookincl.  the  motile  fertilized  macrogamcte; 
sygote,  oocyst,  sforoblast,  are  terms  given  lo  the  spore  cysts ;  sf>arosoil.  the  young 
sexual  form  which  develops  in  the  sporoblast.  and  which,  when  inoculated  into  the 
blood.  t>ecomes  a  hyaline. 

By  pigment  is  always  meant  the  transformed  hemoglobin,  or  "melanin,"  the 
brown  granules  of  which  are  seen  in  the  fresh  specimen,  never  the  chromatin 
granules. 

Hyaline  always  means  a  non-pigmenled  young  form.  A  ring  form  is  the  shape 
which  any  youns  parasite  may  assume ;  it  is  not  a  "  kind  "  of  organism,  Prtstg- 
m.-'ilcrs  arc  full-grown  parniilch  the  pigment  of  which  has  .iccumulaied  inio 
ma'^scs  .-jiid  hcfore  segmentation  appears. 

The  examination  of  the  fresh  blood  is  easy  and  satisfactory 
The  forms  can  be  more  easily  recognized  in  this  way  than  in  the 
stained  specimens.  On  the  (ither  liand,  they  are  more  easily  fnnnd  hi 
stained  specimens,  and  «  hen  very  few  ihe  Ross  method  shoidd  be  u>ed. 
While  a  diagnosis  may  he  made  without  blood  examinatifm  in  typical 
cases,  it  never  will  he  made  wiliiont  it  in  certain  atypical,  even  per- 
nicious, cases  without  sujjgestive  history  or  without  fever.  <ir  with 
ly]ihoidaI  temperature. 

The  "Tertian"  Organism;  Hfcmamaeba  vivax  1  (irassi  )  :  Plasmodium 
vivax  (Plate  i\'). — This  is  the  comnmnest  form  in  Baltimore.  Since 
the  cycle  exteiiils  over  nijproximately  forty-eight  hours  the  paroxysm? 
in  tile  ca-e  of  a  single  infection  will  occur  on  alternate  days.  The 
grouping  is  f:Lirly  definite,  nil  the  parasites  undergoing  their  <!cveli'p- 
mcnt  (|iiile  in  unison:  the  p;iroxysni!^  nccur  during  segnicntntion,  ami 
last  fnini  twelve  to  fourteen  Iioirrs.  In  the  ease  of  a  dinible  infection 
there  \\  ill  lie  a  ]i:irn\v»m  each  dav,  "  quotidian"  fever,  and  in  the  hlniiil 
will  lie  seen  two  grou|)s.  Throe  j:roui>s  \ery  rarely  oerur.  but  we  have 
seen  one  or  two  cases.    The  tertian  hyalines  ( 1-4)  do  not  modifv  their 
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red  blood-cell  host  either  in  size,  color,  or  contour.  The  parasite  is 
small,  a  little  over  2  microns  in  diameter,  colorless,  non-pigmented, 
often  disk-shaped,  with  an  undulating  periphery.  It  makes  very- 
rapid  aniceboid  movements  and  produces  an  extraordinary  series  of 
changes  of  shape  and  position.  It  also  assumes  the  typical  ring  form 
once  supposed  to  be  characteristic  of  the  aestivo-autumnal  parasite. 
This  ring  is  usually  a  little  thicker  at  one  point,  hence  the  name  "  signet 
ring."  In  one  cell  may  be  one,  two,  or  even  five,  such  forms.  In 
about  twelve  hours  the  corpuscle  (6-7)  will  be  a  little  larger,  a  little 
paler,  but  with  a  sharp,  smooth,  round  margin.  The  organism  is 
exceedingly  amoeboid,  the  pseudopods  often  many  in  number,  and  so 
thread-like  and  pale  that  their  connections  can  scarcely  be  seen ; 
hence  the  cell  may  seem  to  contain  a  number  of  disconnected  globules 
of  pigmented  protoplasm.  The  protoplasm  is  so  little  refractive  that 
the  outline  of  the  parasite  is  difficult  to  make  out.  (It  is  thought  by 
some  that  the  parasite  is  more  distinct  and  sluggish  after  the  patient 
has  began  to  take  quinine,)  The  pigment  has  at  this  age  appeared 
in  moderate  amount,  and  consists  of  very  fine,  light-brown  granules, 
which  dance  with  a  motion  so  rapid  that  waves  in  the  protoplasm 
must  be  assumed.  The  pigment  is  clustered  especially  at  the  ends  of 
the  pseudopods.  The  untrained  eye,  particularly  of  one  who  has  not 
yet  learned  how  to  light  the  specimen  well,  will  see  merely  a  swollen 
pale  corpuscle  in  which  dance  very  fine  pigment  granules.  At  the  end 
of  twenty-four  hours  the  cell  (Plate  IV,  8)  is  somewhat  larger,  paler, 
but  still  round  in  outline.  The  organism  now  fills  about  one-third 
of  the  cell.  It  is  still  quite  amoeboid,  but  less  actively  so.  The  pig- 
ment has  increased  in  amount,  is  a  little  darker,  a  little  coarser,  a  little 
quieter,  and  is  evenly  distributed  through  tiie  substance  of  the  parasite. 
The  nuclei  of  these  forms  can  sometimes  be  seen  in  the  fresh  speci- 
men as  a  globular  body  at  the  end  of  a  pseudopod,  and  especially  in  the 
degenerated  extraceltulars  when  spread  out  against  other  cells. 

During  the  last  half  of  the  cycle  the  growth  is  more  rapid,  and 
hence  students  often  judge  the  age  wrongly,  considering  she  directly 
proportional  to  age.  At  forty  hours  the  parasite  (9)  is  full-grown. 
The  cell  is  now  about  one  and  a  half  times  the  normal  size.  It  is  so  pale 
that  its  outline  will  hardly  be  seen ;  is.  in  reality,  nothing  but  a  shado.v. 
The  organisiii  is  from  8  to  10  microns  in  diameter,  is  round,  and 
so  little  refractive  that  it  is  practically  impossible  to  say  where  the 
parasite  leaves  off  and  the  corpuscle  begins.  The  pigment  is  more 
abundant  and  is  evenly  distributed  thrnuglmut  the  parasite.  :iii  im- 
portant point  in  diagnosis,  since  in  the  quartan  at  this  age  it  will  be 
practically  all  in  the  periphery,  and  in  the  a^stivo-autuninal  at  the 
centre. 

The  next  stage  is  the  "  presegmenter."     The  corpuscle  iK  now 
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red  blood-cell  host  either  in  size,  color,  or  contour.  The  parasite  is 
small,  a  little  over  2  microns  in  diameter,  colorless,  non-pigniented, 
often  disk-shaped,  with  an  undulating  periphery.  It  makes  very 
rapid  amueboid  movements  and  produces  an  extraordinary  series  of 
changes  of  sha^je  and  position.  It  also  assumes  the  typical  ring  form 
once  supposed  to  be  characteristic  of  the  sestivo-autumnal  parasite. 
This  ring  is  usually  a  little  thicker  at  one  point,  hence  the  name  "  signet 
ring."  In  one  cell  may  be  one,  two,  or  even  five,  such  forms.  In 
about  twelve  hours  the  corpuscle  (6-7)  will  be  a  little  larger,  a  little 
paler,  but  with  a  sharp,  smooth,  round  margin.  The  organism  is 
exceedingly  amceboid,  the  pseudopods  often  many  in  number,  and  so 
thread-like  and  pale  that  their  connections  can  scarcely  be  seen; 
hence  the  cell  may  seem  to  contain  a  number  of  disconnected  globules 
of  pigmented  protoplasm.  The  protoplasm  is  so  Httle  refractive  that 
the  outline  of  the  parasite  is  difficult  to  make  out.  (It  is  thought  by 
some  that  the  parasite  is  more  distinct  and  sluggish  after  the  patient 
has  l>egan  to  take  quinine.)  The  pigment  has  at  this  age  appeareil 
in  moderate  amount,  and  consists  of  very  fine,  light-brown  granules, 
which  dance  with  a  motion  so  rapid  that  waves  in  the  protoplasm 
must  be  assumed.  The  pigment  is  clustered  especially  at  the  ends  of 
the  pseudopods.  The  untrained  eye,  particularly  of  one  who  has  not 
yet  learned  how  to  light  the  specimen  well,  will  see  merely  a  swollen 
pale  corpuscle  in  which  dance  very  fine  pigment  granules.  At  ihe  end 
of  twenty-four  hours  the  cell  (Plate  IV,  8)  is  somewhat  larger,  paler, 
but  still  round  in  outline.  The  organism  now  fills  about  one-third 
of  the  cell.  It  is  stili  quite  amoeboid,  but  less  actively  so.  The  pig- 
ment has  increased  in  amount,  is  a  little  darker,  a  little  coarser,  a  little 
quieter,  and  is  evenly  distributed  through  the  substance  of  the  parasite. 
The  nuclei  of  these  forms  can  sometimes  be  seen  in  the  fresh  speci- 
men as  a  globular  body  at  the  end  of  a  pseudopod,  and  esjwcially  in  the 
degenerated  extracelhilars  when  spread  out  against  other  cells. 

During  the  last  half  of  the  cycle  the  growth  is  more  rapid,  and 
hence  students  often  judge  the  age  wrongly,  considering  size  directly 
proportional  to  age.  At  forty  hours  the  parasite  (9)  is  full-grown. 
The  cell  is  now  about  one  and  a  half  times  the  normal  size.  It  is  so  pale 
that  its  outline  will  hardly  !>e  seen ;  is.  in  reality,  nothing  but  a  shado.v. 
Tlie  organism  is  from  8  to  10  microns  in  diameter,  is  round,  and 
so  little  refractive  that  it  is  practically  impossible  la  say  wliere  the 
parasite  leaves  off  and  the  corpuscle  begins.  The  pigment  b  uiori: 
abun<lant  and  is  evenly  distributed  thnmghnut  the  parasite,  an  im- 
portant point  in  diagnosis,  since  in  the  (|nartan  at  this  age  it  will  lie 
practically  all  in  the  periphery,  .and  in  the  a;stivo-autuninal  at  the 
centre. 

The  next  stage  is  the  "  presegmenter."     The  corpuscle  is  now 
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almost  or  quite  invisible.  The  pigment  collects  in  one  or  more 
irregular  clumps,  the  granules  moving  in  irregular  lines  to  form  these 
masses.  The  organism  is  next  a  "  segmenter"  (10-17).  The  cor- 
puscle is  no  longer  seen,  the  organism  is  slightly  more  opaque,  denser, 
more  refractive.  Refractive  dots  appear  irregularly  in  the  body  of  the 
protoplasm,  from  15  to  20  in  number,  crenations  are  seen  at  the 
margin,  and  lines  of  separation  appear  around  these  refractive  dots 
marking  off  the  future  segments.  The  segments  now  become  more 
sharply  defined,  until  finally  we  have  a  clump  of  fifteen  or  twenty 
discrete  circular  masses  with  a  refractive  dot  in  the  centre.  The  clump 
may  be  irregular  or  form  two  quite  concentric  circles.  The  pigment  is 
merely  left  in  masses  between  these  segments.  The  segmenter  now 
seems  to  burst,  and  the  young  organisms  spring  apart.  Each  segment 
is  a  hyaline,  and  is  ready  for  a  new  cell  as  host. 

The  whole  cycle  may  occur  in  the  peripheral  blood,  but  the  number 
of  segmenters  found  will  not  be  as  large  as  would  be  supposed  from 
the  number  of  parasites  seen  a  few  hours  previously,  since  so  many 
of  them  have  accumulated  in  the  internal  organs.  A  few  hours  after 
the  first  segment  appears  the  chill  begins. 

The  above  is  a  description  of  a  typical  tertian  parasite.  One  finds,  however, 
some  variations  in  this  group.  In  one  rare  form,  a  few  cases  of  which  we  meet  with 
each  year,  the  parasite  forms  more  pigment  than  usual  and  in  large  coarse  granules, 
but  of  a  lighter  brown  color  than  those  of  the  quartan  or  the  adult  xstivo-autumnal, 
and  which  form  dense  clusters  at  the  ends  of  the  pseudopods,  so  filling  them  Ihal 
the  granules  cannot  dance  at  all.  The  fine  thread-like  pseudopods  stand  ont  with 
great  di^.liiH-tni'S!.  The  cell  containing  it  i.'i  often  not  swollen  but  very  pale,  yet  in 
one  'ucb  case  all  the  full-grown  forms  found  were  in  cells  from  8.5  t<i  13.3  micron! 
in  di:mietcr. 

Pigmented  leucocytes  are  common  (perhaps  since  the  pigment  granules  are 
conspicuous). 

The  grouping  does  not  seem  to  be  so  definite,  and  hence  the  chills  are  slightly 
longer  than  usual, 

E.vlracclliiliir  Tcrlion  Forms. — These  are  of  two  varieties,  the 
dcgencralion  forms  and  the  gametocytes.  The  degeneration  forms,  or 
the  cxtru<ied  intracellulars  (18-JI),  may  in  a  .short  time  after  the 
specimen  is  made  be  the  only  ones  seen.  These  are  parasites  which 
have  burst  from  their  cells  and  died.  The  organism  is  often  seen  to 
"  run  ont"  as  if  through  a  ven,'  fine  hole.  If  it  entirely  escapes  the 
hajnioslobin  leaves  the  ce!l  through  the  same  opening,  and  only  a 
shadow  is  left,  but  very  often  it  does  not.  and  hence  we  have  the  dumb- 
bell-shaped form  with  the  constriction  at  the  orifice.  After  the  parasite 
is  free  in  the  plasma  the  pigment  will  for  a  time  be  extremely  active 
in  movement  and  then  gradually  become  quiet,  as  the  organism  dies 
and  then  degenerates.  It  may  break  up  into  fragments,  forming  a 
string  of  four  or  five  small  pigmented  spherical  masses   (20,  21).  or 
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it  may  become  deformed   or  swollen   and   vacuolated,   the  so-called 
"  sporulating  forms"  which  much  resemble  reproduction  forms   (23, 

24)- 

The  more  interesting  extracellulars  (but  stained  specimens  show 
that  these  are  surrounded  by  the  shell  of  a  corpuscle)  are  the  ganieto- 
cj^es,  which  correspond  to  the  crescents  of  the  jestivo-autumnal  form, 
but  have  a  less  distinctive  shape.  Like  them  they  can  be  found  at  all 
times  in  the  blood  after  a  few  days  of  the  infection.  The  macrogamete 
was  formerly  considered  a  cadaveric  form,  and  was  known  as  a 
"  swollen  extracellular."  They  are  large  organisms,  pale  and  indis- 
tinct, some  three  or  four  times  the  size  of  a  red  blootl-cell.  In  some  no 
trace  of  a  corpuscle  can  be  seen,  the  pigment  is  abundant,  in  very  coarse 
rods,  and  in  very  active  movement.  The  nucleus  is  about  3,5  microns 
in  diameter,  and  is  often  evident  in  the  fresh  specimen;  either  its 
outline  can  be  seen,  or  its  size  and  shape  may  be  recognized  since  it  is 
the  only  portion  of  the  parasite  which  is  not  invaded  by  the  pigment 
granules.  The  extreme  vitality  of  these  cells  is  astonishing,  as  might 
be  expected  from  the  fact  that  it  is  their  function  to  continue  the  hfe 
of  the  organism  in  the  mosquito.  Recently  one  with  particularly  active 
granules  was  left  by  a  student  under  his  microscope  in  a  moderately 
warm  room.  Eighteen  hours  later  the  pigment  was  still  actively 
dancing.  Whether  these  very  large  forms  with  such  active  pigment  and 
quite  unlike  those  in  the  stained  specimens  we  call  macrogamete  forms, 
are  the  same  or  are  fertilized  forms,  I  do  not  know.  The  microgameto- 
cytes,  smaller  than  the  former,  are  frem  8  lo  10  microns  in  diam- 
eter. The  pigment  is  in  active  motion,  but  soon  forms  a  circle  around 
the  centre  and  becomes  stationary.  As  a  rule,  nothing  more  happens. 
But  the  pigment,  instead  of  collecting,  may  become  even  more  active, 
as  if  stirred  up  by  something  moving  within  the  cell.  The  margin  may 
undulate,  and  the  flagella,  four  or  five  in  number,  burst  out.  These 
flagella  are  the  microgametes  or  male  elements.  Although  the  name 
"  flagelium"  is  still  used,  it  should  be  borne  in  mind  that  it  is  decidedly 
a  misnomer.  They  are  from  t«o  to  three  times  the  length  of  a  red 
blood-cell,  of  regular  outline,  or  rendered  irregular  by  fusiform  masses 
of  protoplasm  often  containing  pigment  granules  which  render  them 
more  conspicuous  and  much  easier  to  fo!!(nv  when  they  break  l<jose. 
an<l  wander  for  more  than  an  hour  through  the  field.  After  these 
flagella  have  been  cast  off  a  small  cell  with  its  pigment  near  the  centre 
and  quiet  is  all  that  remains.  This  process  of  flagellation  is  not  seen 
in  the  very  fresh  specimen,  but  occurs  in  from  fifteen  to  twenty  minutes 
after  the  blood  has  been  drawn,  proof  that  it  does  not  occur  in  the  body. 
but  under  the  stimulus  probably  of  the  lowered  teni])cratiiTc.  X'  n-mally 
it  occurs  in  the  mosquito's  stomach. 

Quartan  Malaria.    Haemamoeba  malariaef  Plate  IV). — Of  this  rare  form 
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we  see  but  one  or  two  cases  a  year.  The  cycle  of  development  requires 
seventy-two  hours,  hence  if  but  one  group  is  present  the  paroxysms 
will  occur  on  each  fourth  day ;  if  two  groups,  there  will  be  two  Jays 
with  paroxysms,  and  then  one  free  day,  followed  by  two  more  par- 
oxysms; if  three,  quotidian  fever,  providing  each  group  is  large 
enough  numerically  to  cause  a  chill.  The  grouping  of  this  parasite  is 
even  more  uniform  than  that  of  the  tertian,  the  forms  being  nearer  of 
the  same  age,  and  lience  the  paroxysms  are  slightly  shorter,  often  re- 
quiring but  ten  hours. 

The  hyalines  (26)  cannot  be  distinguished  from  the  tertian,  but 
may  be  a  little  later  when  the  pigment  first  appears  (27),  since  the 
granules  are  coarser,  blacker,  and  less  actively  vibratory.  As  the  para- 
site grows  the  corpuscle  becomes  slightly  smaller  and  shrunken,  and 
with  an  irregular  crenated  margin;  but  much  deformity  is  rare.  The 
protoplasm  of  the  parasite  is  more  refractive  than  of  the  tertian,  even 
looks  waxy,  hence  the  outline  of  the  pseudopods  is  easily  seen.  The 
parasite  is  definitely  amceboid,  but  not  actively  so. 

In  twenty-four  hours  the  cell  is  smaller,  crenated,  and  brassy  in 
color.     The  organism  is  round  or  o\-al,  sometimes  slightly  amceboid, 
but  very  sluggishly  so.     It  is  very  distinct,  since  refractive.     The  pig- 
ment is  coarse,  black  isli-brown  in  color,  gathered  at  the  periphery. 
especially  on  one  side.    At  this  age  all  motion  of  the  pigment  granules 
has  practically  ceased.     The  parasite  soon  fills  from  one-third  to  one- 
half  of  the  cell  (30,  31),  becomes  rounder,  and  is  non-amoeboid.    The 
cell  may  be  shrunken,  cren.nted.  and  brassy,  although  s<ime  mav  not 
,';eem  in  the  least  altered.     The  pigment  is  coarse,  much  blacker  than 
the  tertian,  inntii>nless.  and  entirely  at  the  peri|)hery.     The  jirotoplasm 
is  very  'listinct,  refractive,  and  waxy  in  appearance. 

During  the  thiril  day  only  a  rim  of  tlie  cell  is  left,  and  this  is  usiiallv 
nf  a  dark,  brassy  color.  The  organism  (32-34)  is  now  full-grown  and 
about  7  microns  in  diameter,  the  figure  usually  given. 

\Vc  have  measured  a  good  many  quartan  para.silcs.  and.  contrary  to  this,  find 
(IkiI  of  1,15  hill  iirown  and  scsmenlcrs.  60  per  renl.  ivere  from  7.4  in  Si  microns 
ill  djami'lcr,  and  only  iR  per  cent.  ':mall.  from  f\2  to  7  microns.  Of  llioJe  !"■'- 
third-;  Kri"vii,  4.1  per  cent,  were  in  cells  from  6,2  to  7  micron;  in  diameter,  the  rest 
in  cells  of  unrmal  size. 

.■\t  sixty  hours  the  cell  can  hardly  he  seen.  The  organism  is  round 
nr  elliptical  ;uk[  motionless  (35).  The  coarse  dark  pigment  is  all  at 
the  pcri]ihcry. 

The  pif,'ment  now  flows  tn  the  centre  in  definite  streams  nhmg 
radial  channels,  thus  giving  a  beautiful  wheel-like  picture  i  T,f').  the 
rows  of  pigment  .t;ran\iies  forming  the  spokes,  then  finally  oolifcts  in 
a  single  clump  at  the  centre.    These  arc  the  presegmentcrs.    The  seg- 
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menters  are  among  the  most  beautif-ai  things  seen  unuer  the  niicro- 
scDije.  The  organism  becomes  opaque  and  verj-  waxy:  retractive  dots 
appear  in  a  single  r^^Iar  circle  around  the  peripherj":  crenations  of 
the  bonier  appear  with  these  dots  as  iheir  centre;  line*  of  divisii>n 
start  from  these  and  run  to  the  centre,  forming  from  six  to  twelve 
rays  like  the  petals  of  a  flower,  hence  the  names  "  daisy,"  "  mar- 
guerite," or  "  rosette"  form  137.  38).  These  segments  then  separate 
as  in  the  tertian.  The  whole  cycle  of  the  quanan  occur;  in  the  periph- 
eral blood,  hence  one  finds  about  as  many  segmenters  as  the  number 
of  the  full-grown  parasites  would  lead  one  to  expect. 

The  gamete  forms  (40,  41 )  are  verj-  seldom  seen.  They  are  sim- 
ilar but  somewhat  smaller  than  the  tertian.  Flagellation  occurs  in  the 
same  way.  The  extracellular  degenerate  forms  are  found,  although 
the  parasite  keeps  in  the  cell  much  belter  than  does  the  tertian. 

In  review,  the  differences  between  the  tertian  and  the  quartan  may 
be  stated  as  follows :  The  cycle  of  the  quartan  is  seventy-two  instead  of 
forty-eight  hours.  This  organism  is,  throughout  its  entire  history, 
smaller,  more  refractive,  less  amceboid.  its  pigment  is  coarser,  blacker, 
less  vibratory  than  the  tertian,  and  keeps  a  peripheral  position.  The 
corpuscle  is  shrunken,  crenated.  and  brassy.  The  presegmenter  and 
segmenter  forms  of  the  quartan  are  perfectly  distinctive,  since  they  are 
of  so  geometrically  regular  forms.  The  number  of  the  segments  is 
small,  from  6  to  12;  and,  lastly,  more  of  the  segmenting  forms  are 
found  in  the  peripheral  blood. 

•'•  £st)V04Utuninal.  Plaamodiuni  praKox.  Haematozoon  falcipariiun  (  Plate 
V). — This  is  a  common  form,  particularly  in  the  Tropics,  and  the  most 
dangerous  of  the  three.  In  the  fresh  infection  the  grouping  is  quite 
definite,  but  soon  the  members  of  a  group  lose  their  unison,  and  hence 
are  found  in  the  internal  organs  of  all  ages  at  once.  Fur  this  reason 
what  was  first  an  intermittent  fever  becomes  more  and  more  con- 
tinuous, until  finally  the  temperature  may  resemble  that  of  typhoid 
fever.  The  duration  of  the  cycle  is  rather  uncertain.  Dr.  Thayer  con- 
siders that  while  usually  of  about  forty-eight  hours,  it  may  vary  from 
twenty-four  to  perhaps  seventy-two. 

All  students,  it  is  said.  "  pass  through  the  stage  "  of  dividing  this  form  into 
"beniKn,"  " tnalignant."  "pigmented,"  " non -pigmented,"  etc..  varieties,  but  most 
recoviT,  especially  Ihose  who  follow  the  splenic  blood  carefully.  Some  separate 
it  into  the  "malignant  quotidian"  and  the  "malignant  tertian,"  the  latter  sim- 
ilar in  form  to  the  "benign  tertian"  (ordinary  tertian),  except  smaller,  from  one- 
third  in  one-half  the  si^e  of  red  cells,  and  with  from  8  (o  12  segments.  The 
"malignant  quotidian"  is  from  one-third  to  one-fifth  the  size  of  red  ci'll-,  "  nfii^n 
impigmcntcd"  and  with  from  6  lo  8  spores.  In  this  locality  nc  ore  ofitn  struck 
by  the  great  difference  in  the  icstivn-anfumnal  parasite-;,  both  cliiiic.illy  .mil  mor- 
phologically, especially  as  regards  the  amount  of  pigment  and  the  pri-.riici'  in  the 
circulation  of  the  adult  much -pigmented  forms,  but  Dr.  Thajcr  thinks  .such  division 
not  justified  as  yet. 
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Tile  hyalines  are  similar  to  those  of  the  tertian  and  the  quartan, 
perhaps  are  slightly  smaller,  but  they  assume  the  signet-ring  form 
much  more  commonly  and  hold  it  longer.  Then  tliey  are  verj'  re- 
fractive, hence  easily  seen,  but  may  at  any  time  lose  this  refractivity 
and  become  amceboid  exactly  as  does  the  tertian.  In  a  severe  infection 
even  five  rings  may  occupy  one  cell. 

As  the  parasite  {7-12)  grows  a  very  slight  amount  of  pigment 
appears,  usually  but  one  or  two  granules,  and  so  fine  that  they  are 
very  easily  overlooked.    These  are  motionless  as  a  rule,  although  some- 
times slightly  dancing,  and  are  seen  at  the  periphery  of  the  parasite 
or  at  the  inner  edge  of  the  biconcavity.     The  cell  is  commonly  very 
much  injured,  shrunken,  crenated,  and  brassy,  even  when  the  parasite 
is  very  young.     This  form  injures  the  cell  most,  also  many  corpuscles 
which  do  not  contain  parasites,  yet  some  infected  cells  look  normal. 
The  parasite  at  this  stage  fills  about  one-fifth  of  the  cell.     As  a  rule 
the  infected  cells  now  disappear  from  the  peripheral  circulation,  per- 
haps since  the  injured  cells  are  treated  as  foreign  bodies,  hence  are  fil- 
tered out.  and  to  study  their  further  development  the  spleen  must  be 
punctured.    The  suddenness  of  their  departure  is  quite  surprising,  as 
well  as  exasperating  to  a  demonstrator,  since  in  two  hours  a  large 
brood  may  disappear.    Hence  it  is  that  if  no  crescents  are  present  the 
diagnosis  will  be  uncertain  unless  repeated  examinations  of  the  blood 
are  made.    In  some  cases,  however,  all  ages  of  this  parasite  may  be 
found  in  the  peripheral  blood.    In  these  cases  and  in  the  blood  obtained 
by  ."iplenic  puncture,  the  ]>i,i:rnient  is  seen  to  increase  considerably  in 
auioiint,  and  to  be  in  rather  coarse,  dark  granules,  or  remains  scnntv, 
while  in  sunie  .'scnrcely  any  seems  to  form.    Those  parasites  with  nuicli 
coarse  black  pigment  it  is  impossible  to  tell  from  iiuartan  forms.  an<i 
this  mistake  is  fre(|uently  made.    The  more  mali^mant  the  parasite  the 
fewer  older  forms  are  seen  in  the  |ieripheral  blo-id,  an'd  acc^irding  to 
some  the  less  pigment  is  formed:  the  pernicious  cases  alwav.s  have 
abundant   y<:iung  parasites   in   the  peripheral   blond.      In   some  ca-es 
the  luein<)tcl<ibin  seems  to  gather  around  tlic  parasite,  leaving  an  alnm-t 
colorless  ring  at  the  pcri])liery  of  the  red  cell   (i,?).     In  the  iiuenial 
organs  the  whole  cycle  seems  to  nccur  inside  of  large  macrophages. 
The  parasite  grows  to  about  (nic-lialf  the  size  of  the  cell  (  5  microns ). 
When  fuli-grown  the  pigment  is  all  in  the  centre  (  15— jo),  never  dif- 
fusely scattered,  and  never  peri])heral.     The  pn>toplasin  is  wax\-.     This 
form  is  very  characteristic,     .\lthough  rarely  seen  in  the  circidatim, 
in  twn  cases  recently  iluring  the  class  demonstration  we  found  se\i.Ta! 
beautiful  full-grown  and  one  segmenting  form   (see  Fig.  9,^).      llie 
segnienters  vary  in  size  from  2,5  to  3  microns  in  diameter.    The  pr^n-es-i 
of  iieq:nientatioii   (21-24)   's  similar  to  that  of  the  tertian,  the  waxv 
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opaque  organism  breaking  up  irregularly  into  fifteen  or  sixteen  very 
small  segments.    Very  few  degenerated  extracellulars  are  found. 

Crescents  and  Ovoids. — These  very  characteristic  forms  of  the 
iEstivo-autumnai  parasite  are  found  in  the  internal  organs  from  about 
the  fifth  day  of  a  fresh  infection,  and  appear  in  the  peripheral  blood 
on  about  the  seventh  day.  The  crescents  (29)  are  slightly  longer 
than  the  red  blood-cells,  sometimes  of  a  beautiful  crescentic  shape  with 
rounded  ends;  others  are  somewhat  irregular.  They  are  very  refrac- 
tive, with  a  double  contour,  and  usually  present  a  fringe  of  the  degen- 
erated red  blood-cell  which  in  the  concavity  is  somewhat  more  abun- 
dant and  forms  the  so-called  "  bib."  The  pigment  is  considerable  in 
amount,  clustered  at  the  centre  of  the  crescent  either  as  a  confused 
mass,  a  sheaf,  or  a  ring.  The  granules  are  coarse  and  usually  rod- 
shaped.  While  watching  the  parasite  it  may  lose  its  crescentic  shape 
and  become  first  oval  (ovoids,  30-33),  then  circular  (34-36),  or  it 
may  resume  the  crescentic  shape.  Around  the  circular  there  is  no 
trace  of  the  corpuscle  left;  its  protoplasm  is  much  less  refractive  than 
the  crescent.  Two  forms  of  the  circulars  have  been  described  in  the 
fresh  blood,  the  macrogamete  and  the  microgametocyte  (see  page  602). 
The  former  may  flagellate,  and  fertilization  has  been  seen  by  several 
observers,  first  of  all  by  MacCallum  "'*  and  then  others  of  this  hospital. 
and  more  recently  by  Moore,  cl  al."^  Vacuolation  and  fragmentation 
of  these  sexual  forms  are  not  rare  (Plate  V,  37). 

The  phagocytes  are  well  studied  in  this  form  of  malaria;  in  fact, 
pigmented  leucocytes  are  as  valuable  in  diagnosis  as  is  the  parasite 
itself.  These  are  large  mononuclears  especially,  polymorphonuclear 
neutrophiles,  and  macrophages  (see  page  559,  and  Fig.  93).  Pig- 
mented macrophages  are  seen  only  in  sei'ere  cases.  In  these  phago- 
cytic cells  are  found  free  pigment  granules,  or  masses  of  pigment,  or 
parasites,  especially  segmenters  and  flagellates.  In  the  tertian  and 
quartan  they  occur  just  after  a  chill,  but  in  the  sstivo-autumnal  at 
any  time.  The  large  macrophages  especially  contain  organisms,  even 
those  within  ceils.     Some  of  these  macrophages  are  necrotic. 

The  malarial  pigment  is  black,  "  melanin,"  and  iron  cannot  be 
demonstrated  in  it. 

The  Cycle  within  the  Mosquito. — This  cycle  has  been  followed  by  sev- 
eral observers  in  Ihe  case  of  Plasmodium  pratcox.  Some  of  ihe  crescents  of  Ihe 
blood  contained  within  the  stomach  of  the  mosquito  are  seen  to  flagellate  in  the 
same  way  as  on  the  stage  of  ihe  microscope,  and  probably  due  to  the  same  stimu- 
lus, that  is  the  lowering  of  temperature,  and  (o  fertilize  the  female  circulars,  which 
also  were  crescents.  This  occurs  in  from  i  lo  1.5  hours  after  the  mosquito  has 
bitten.  During  the  flagellation  of  the  microgametocyte  the  macrogamete  ripens 
by  casting  off  karyosomcs,  polar  bodies   consisting   of  chromatin,   and   projects  a 
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slinht  moimd.  through  which  ihc  fret  Hniirlluni  Ins  been  sfoti  to  ctiicr. 
nuclear  material  of  thi-  niucru|;ameic  and  the  micro|[atti«c  iIk'O  unite.  The  all 
rt'cnaiiis  n.ikci)  Hnd  ntMinict  a  inolilc  spinilk  fuitn  called  tlic  "  vcrmkuliii "  lt> 
iizc  varies  from  ao  microiK  tip,  ami  is  lo  lie  toiinti  in  from  (nny  tn  fony'tighl  hour< 
nflcr  th«  bloud  hn>  becii  inccitcd.  TIiI.n  iniilitc  fnrm  in  the  cntr  of  nialnh^  ha« 
been   fouiiU  only  in  the  contents  of  the  niosquilo**   itoniach.     Tbik  vcnniculiu 


FM.  irt. — Various  Mbec*  of  lh«  ilmlapincni  n(  rbundluiii  pr*c»v  in  iha  iiiiiiiJIrt  i 
a.  In  lour  lo  lour  ■■III  ■  h>itil>i«ancTlii«  bllr;  t,  f,  tlTFtniltda)*;  iT.  rlshl  ■la]r*<riMnalliua  vhnul, 
Ih'roni  BrauiiJ 

actively  bores  tit  way  through  Ihc  epithelial  celti  of  Ihc  ime»linal  wall,  and  becomes 
encysted  between  the  imciimal  irpithcliiim  and  the  ela^iiic  layer,  the  "  tunica  elastlco- 
niusciilarit."  which  forins  ihc  membrane  qf  ihc  oi'Cj'M  This  oocyst  now  incrwtM 
in  liic.  The  nticleut  divides  rapidly.  At  the  cyii  grow«  it  hulgcK  outward  from 
the  inleilina!  wnll.  (ormini;  a  iJi-ndtiloiii  tumor  into  the  Itody  cavity  <src  Fig.  1I7>. 
The.^c  vary  from  45  to  30,  or  even  60,  and  as  high  as  yo  micront  in  diameter.    Thb 


9ui.  117,— Theinlotlncol  an  liilKlnl  niouiulta  wlih  oOc|rMii  llUchcd.    (Prom  Hnwi.) 

Stage  is  called  the  '  medium  xyg«'e "  or  ihc  "  incdium  sporohlast."  and  in  con- 
*[ticiinii«  because  of  the  amount  of  pigment.  There  may  be  MO  *>ich  lainor^  at- 
tached to  (he  interline  of  the  mosquito.  The  proiopUim  now  gnthi^rt  aruund  the 
divided  lufclci  [I-'ig.  ttft.  ol,  a  procr"  nnnlOKOiis  to  the  fporohla^  formation  of 
the  coco'dia  exci-pi  that  her*  the  wparatiiMi  ix  le^<  pcrfrcl.  the  itfttishte 
being  connected  bj-  l>ridgci  of  prnioplasin,     It  ii  now  known  as  a  "  1ar(te 
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«."  In  each  of  tlicn!  (Iivisinni  llit  nuclcui  <livll^^;^  inlo  great 
ibuKiittr  nitclti  rcnininiiig  un  tbc  lurfacc  of  the  vntiom 
daughter  cy»ti.  TTie  pruiopln-tm  colkcis  around  eath.  tir*I  (ofminB  ^phcrkul  tells, 
which  llieii  eloniciilc  iiiio  Tliteadi  lying  putallcl  ill  nia«c.-t  over  the  residue  of  ihc 
sporoblmlv  Thcte  ihrcndt  are  cnllcil  "Kiioroinits"  Their  ntieleus  aUo  becomes 
elonmtei].  Tlie  final  IciiKlh  of  these  sporoiuiis  i>  nlioul  14  tnicront.  and  ihe  widlli 
About  I  niieion.  Their  proiopl.iim  is  ihirk,  bonioitriirout,  und  very  refritetive. 
AH  gporozuits  of  one  uueyst  ri|ieii  a!  aboiii  the  same  time;  Ihey  may  l>e  pre^tenl 
c%'en  to  the  number  of  lo.ooo  in  some  o'>cy!>ts.  wbilc  others  contain  but  a  few 
hundreds.  When  ripe  the  micyat  biir^ti  into  the  body  t4vity.  Ihc  s|iori>ioiii  w.nnder 
free,  but.  h«  if  directed  by  some  positive  elieinotaclie  influence,  finally  eolleci  In 
ihe  salivary  slandx.  The)'  ate  motile,  moving  by  a  bending  gliding  movement. 
Inoculated  by  llie  mosquilo't  bile  ii'lo  the  hlood-ve<.<cl  of  man.  Ihcy  attach  them- 
selves 10  and  linallj-  pcnelralc  inlo  the  red  blood'CelU,  a  process  actually  obwrved 
by  Schaudinn,  They  are  t.iid  to  stay  for  some  time  on  the  surface  of  the  cell 
before  penelraling,  and  it  i.i  taid  llial'if  ((uinine  is  now  s'ven  they  will  drop  off 
from  the  eorpu*cle  This  may  explain  the  opinion  of  several  recent  writers  who 
InsitT  (hat  the  hyaline  and  older  forms  are  always  on  and  nol  wilhin  The  eor- 
piitele.  As  a  nde  ibe  tir'T  I'hill  will  eomc  on  about  the  eighth  or  twelfth  day 
after  Ihe  mosciuitu  bite,  although,  of  course,  it  wdl  depend  on  the  number  and  Ibe 


PM.  lit,— Ailliuileal  mnqullM*  on  Willi,    s.  Aiinphfiln:  t.  Culu. 

virulence  of  the  parasites  inirodiiced  inlo  the  circulalion.  Since  xome  inotquiiues 
conUm  fully  joo  of  ihese  oocyst*  (of  course  not  all  of  the  same  age),  and  some  of 
these  contain  10,000  or  more  spnri>xoits,  the  number  of  Ihe  hyalines  Injected  by 
one  bite  may  be  con»iderablc- 

For  llie  lerlian  ihc  optimum  temperature  for  this  cycle  Is  ^*  to  30'  C.  and 
the  time  eighi  days;  below  17°  10  20°  C.  there  is  no  development.  Tlie  qiiarUin 
form  can  develop  nl  >  slightly  lower  [emperaiure. 

The  Anopheles  group  of  mosciuilon  is  the  only  one  as  yet  sliowii  to  be  the 
host  of  the  malarial  onanism.  For  a  full  dexcrlpiion  of  the«e  Iniectt  the  reader 
is  referred  lo  various  books.™ 

Tbc  Anopheles  genus  may  easily  be  recognised  by  It*  alltltide  on  n  Hall,  since 
(mc  Fig.  118,  a|  il)  body  U  in  a  ilraight  line  wilb  head  and  proboscis,  and  at  an 
Bijtlr  with  ihe  wall,  the  "'  a«l  shape."  while  Culex  lb)  sils  " bunch- hocked,"  iU  body 
parallel  to  Ihe  wall,  its  prolmscia  al  an  angle  of  forly-fis*e  deitrees  wilh  it* 
body.  The  genera  are  separnied  by  lln-  rclaiive  length  of  their  probnsce*  and 
palpi  (tee  Fig.  iiq).  Of  the  Anopheles  female  lhe«  are  of  eiiual  length  and 
scaled,  while  of  the  Culex,  Stegomyia,  and  T»miorhyiicu»  females  the  palpi  me 
sbort  and  In  significant.     Ii  It  only  Ibe  female  Anophelci  which  bites.    The  wia 


"■Stevens  ami  Oirisiopher*.  "Malaria  of  lh«  Tropics."   1905; 
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of  Anopheles  alone  are  spotted,  as  a  rttlc    Ano^keles  umalljr  holds  its  hind  pair 
of  legs  stretched  out  and  oscillatinc  in  the  air. 

Its  egg  and  larva  are  cbaracteriatic :  the  former,  from  its  boat-like  shape  and 
lateral  air-cell  floats;  the  latter,  from  iti  attitude  in  tfae  water,  Iring  parallel  with 
and  just  below  the  auriace. 

Stained  Specimens. — The  teduiique  is  fairly  simple.  Very  thin 
smears  must  be  made  (see  page  418)  ;  these  are  stained  by  any  (we 
of  the  various  polychnxne  methylene  biue-eosfn  mixtures  (see  page 
425).    The  fresher  the  smear  when  stained  the  better  the  preparation. 

Ross  has  recently  described  a  method  whidi  is  of  ihe  greatest 
value  when  only  a  few  parasi^  are  present  A  very  thick  drop  of 
blood  is  placed  on  the  slide  and  spread  over  an  area  equal  in  size  to 
a  ten-cent  piece.  It  is  then  dried  thoroughly  in  the  air.  The  slide  is 
then  covered  with  water  in  order  to  remove  the  haemoglobin.  Care 
should  be  taken  that  the  washing  be  not  too  vigorous,  else  the  fresh 
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FlCx  119- — Htada  f>i  niosquilo«s.    a,  Ciikx ;  b.  Ariopbcks. 

blood  which  has  not  been  fixed  will  be  washed  off.  The  specimen  is 
tlien  stained  in  the  usual  manner,  in  such  a  specimen  parasites  appear 
numerous,  when  in  ordinary  smears  scarcely  one  is  found. 

Tertian  (Plate  III,  1-14)- — The  youngest  hyalines  consist  of  a 
mass  of  blue  protoplasm  and  a  clump  of  carmine-violet  stained  chro- 
matin. They  are  2  to  3  microns  in  diameter.  Soon  the  "  achromatic 
zone"  appears,  the  "  vesicular  part"  of  the  nucleus,  which  may  be 
the  largest  part  of  the  parasite.  The  protoplasm  now  often  forms  a 
wide  crescentic  ring  surrounding  this,  with  the  chromatin  mass  be- 
tween the  tips  of  its  horns,  but  often  not  quite  touched  by  them.  A 
"  milk-white  zone"  of  Gautier  often  surrounds  the  chromatin  mass. 
but  is  not  present  at  all  ages,  nor  in  all  of  the  same  age.  To  just 
what  part  of  this  structure  the  term  nucleus  shall  be  applied  is  dis- 
puted. Stephens  and  Christophers,  as  well  as  many  previous  ob- 
servers, use  the  term  for  the  chromatin  mass  alone,  while  others  in- 
clude the  chromatin  mass  and  milk-white  zone,  and  others  also  the 
much  larger  achromatic  zone. 
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At  this  point  slioiild  be  «mp)ia8iz«<l  tlie  necessity  of  seeing  dis- 
tincily  ilic  blue  [)roioplasni  and  the  red  chromatin  to  recognize  the 
mataria!  hyatinc.  This  is  necessary,  since  so  many  other  »irncliires 
can  look  almost  like  a  hyaline,  as.  fur  instance,  certain  degenerations 
f)i  the  re<l  litond-cells.  .tikI  particularly  platelets  on  ilic  cells  (  Plate  III. 
21.  27).  These  or  any  <ither  stniciure  on  the  cell  are  always  sur- 
rounded by  a  colorless  zone,  probably  due  lo  the  pressure  which  they 
exert  on  the  corpuscle,  stiueezing  the  liarnioKlobin  from  their  vicinity. 
It  is  of  interest  that  in  the  case  of  malarial  parasites  this  is  not  usually 
Uic  case,  but  the  h.-cnioglobin  is  in  direct  contact  with  the  parasite, 
good  evidence,  says  Ross,  that  the  hyaline  is  intracellular  and  not 
adherent  to  the  surface  of  the  cell.  { Argutinsky.  Stephens  and  Chris- 
tophers, and  others. ) 

At  the  end  of  twenty-four  hours  there  has  been  an  increase  in 
the  amount  of  protoplasm,  the  achromatic  zone  is  a  Httle  larger,  but 
the  chromatin  is  the  same  in  amount,  although  now  in  a  more  irreg- 
ular nodular  mass.  The  milk-white  rune  is  seen  in  some.  Some  forms 
have  two  or  more  such  definite  nuclei.""  The  nucleus  of  this  parasite 
is  not  perfectly  specialized  but  is  rudimentary,  the  nuclear  mntcriat 
being  scattered  in  the  cell  or  collected  in  one  or  more  masses.  In  the 
fwll-grown  the  chromatin  breaks  up  into  a  cluster  of  fine  granules 
occupying  a  large  achromatic  zone,  both  of  which  just  before  s<^- 
menlalion  seem  entirely  to  disap|)ear.  It  then  reappears  in  fine  gran- 
ules arranged  in  strands  and  m.isscs  throughout  the  protoplasm,  These 
congreg.nte  into  four  or  five  clusters  and  then  separate  into  from  fifteen 
to  twenty  dense  roinid  masses.  Achromatic  zones  now  appear  around 
each  of  these  masses,  the  protoplasm  collects  around  them  as  a  centre, 
.ind  the  segments  separate.  For  a  description  willi  nuich  more  com- 
plex details,  which  tries  to  bring  this  division  into  the  s.Tme  class  as  all 
nttclear  division,  see  Argntinskv-""  The  pigment  at  the  beginning 
of  segmentation  is  pushed  to  the  periphery,  and  after  segmentation 
is  complete  collects  in  one  or  two  masses  near  the  centre.  It  will  be 
remeinl»ered  that  in  the  fresh  s|X'cimen  at  the  time  the  pigment  went 
lo  tile  centre  there  was  no  evidence  of  the  separation  into  segments, 
hence  scgmentatitni  is  a  process  which  is  really  complete  before  there 
is  any  sign  of  it  in  the  fresh  specimen.  It  is  claimed  by  many 
that  in  the  stained  specimen  the  gnmete  generation  can  lie  followed 
from  the  hyaline  form  onward.  According  to  Stephens  and  Oiri*- 
topbers  the  young  gamete  is  characterized  by  the  post* 
chromatin,  it  lying  in  the  centre  of  the  vacuole  instead 
as  is  the  rule  in  the  asexual  forms.     During  the 

"For  oidfiiec  of  conjusaiion.  *«  Ewing.  J.  H    H. 
Pathology  of  i\k  Blood.  1903. 
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transient  apha^^ias.  mental  symptoms,  even  sudden  death ;  and  in  the  mucosa  of 
the  gasl TO- intestinal  tract  causing  even  necrosis  and  sloughing,  hence  severe 
vomiting  and  diarrh(ca. 

Whether  ihe  virulence  of  the  infection  depends  on  the  number  of  parasites 
or  not  is  hard  lo  answer;  it  certainly  does  not  on  the  number  in  the  peripheral 
blood,  although  pernicious  cases  have  usually  many  organisms  visible. 

Trsfpanosomiasis. — This  most  interesting  disease  in  man  ("  sleep- 
ing; sickness"),  which  has  recently  attracted  so  much  attention,  is  now 
considered  due  to  an  actively  motile  fish-shaped  flagellate,  Trypan- 
osoma gambiense  (Plate  II,  21),  which  can  be  seen  in  the  blood- 
plasma,  moving  with  a  screw-like  motion  among  the  red  blood-cells 
which  it  scarcely  disturbs.  It  is  from  two  to  three  times  as  long  as 
a  red  blood-corpuscle  { 18  to  25  microns  long,  2  to  2.5  microns  wide), 
with  one  flagellum  anteriorly  and  an  undulating  membrane  which  ex- 
tends the  whole  length. 

The  parasite  is  to  be  searched  for  in  the  fresh  blootl  specimens 
with  a  medium  magnification.  There  are  present  sometimes  many, 
generally  few.  They  vary  much  in  numbers,  often  being  absent  for 
long  periods,  even  a  month  or  more,  and  then  reappearing  in  force, 
even  70  to  a  cover-slip  specimen.  The  symptoms  seem  to  bear  no  rela- 
tion to  the  numlier  of  parasites  in  the  peripheral  blood :  it  may  be  nec- 
essary to  centrifugalize  to  find  any.  They  can  most  surely  be  found  by 
puncturing  the  cervical  lymph  glands,  and  are  easy  to  find  in  the' 
fluid  of  cedematous  areas.  Inoculation  experiments  may  l>e  necessary. 
Stained  with  a  polychrome-methylene  blue  and  eosin  mixture  they 
have  a  rather  large  red  nucleus  at  about  the  middle,  a  centrosonie  stain- 
ing intensely  in  a  vacuole-like  area  very  near  ttic  hUiiit  posterinr  end. 
and  a  red  line  of  clironiatiii  nnming  down  the  edge  of  the  iiiididating 
membrane  and  terminating  in  llic  red  fiagelUmi.  The  proloplasiii  nf 
the  h'ldy  takes  n  blue  stain.  N'arious  invnliition  forms  will,  of  course, 
soon  be  seen  in  a  fresh  specimen.  The  parasite  contains  no  pigment 
and  hence  nnist  live  tin  the  plasma.  It  multiplies  by  longitudinal 
fission. 

I-"<ir  a  long  time  it  has  been  well  recognized  that  this  organism  was 
a  common  and  harmless  parasite  in  the  blood  of  fish,  amphibians, 
birds,  and  rats,  and  an  import[int  cause  of  disease  among  h<irses.  cat- 
tle, and  other  domesticated  animals  in  India,  Africa  especiallv.  and 
South  America.  The  disease  has  borne  several  names.  The  "  tsetse  fly 
disease"  of  Central  Africa  caused  by  Trypanosoma  brncei.  is  usually 
fatal  to  almost  all  domestic  animals,  especially  the  horse,  the  mule,  and 
tiie  dog.  less  so  for  cattle  and  still  less  so  for  the  ass.  least  for  sheep  and 
goats,  ^lan  was.  however,  supposed  to  be  immune.  It  is  commnni- 
catod  by  a  tly,  Cdossina  morsitans.  Flies  seem  to  carry  it  mechani- 
cally, and  lo  play  no  part  in  its  life  history. 

The  "  surra,"  of  India,  a  disease  which  attacks  horses  and  camels 
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H|Mciany.  is  caused  by  a  parasite  discovcrctl  in  iS8i  by  Evans,  which 
Aners  in  no  way  iroiii  Trypanosoma  brucei.  'Hic  same  may  ]>cr- 
liaps  hv  true  of  ihc  parasite  of  "ni.Tl  dc  Cadcras"  of  Central  and 
Soiitli  America,  wiiicli  attacks  especially  horses. 

The  parasite  was  fir.M  discovereci  in  man  by  Ehitton  in  1902  in 
the  blood,  and  in  llic  cerebrospinal  Hnid  of  a  case  of  sleeping  sickness 
by  Castellani,  but  it  was  llruce  who  firM  recofjnixed  its  pathogenic  im- 
portance in  man.    This  disease  is  communicated  by  Glossina  palp.ilis. 

Of  eighty  persons  in  good  hc;iltb  in  L'iranda.  Bruce  found  the 
parasite  in  the  blood  of  twenty-three,  but  many  of  these  have  since 
died.  The  jmrasite  may  thus  be  found  in  men  apparently  normal  for 
some  time,  but  the  present  opinion  is  that  it  is  sooner  or  later  fatal.  The 
symptoms  arc  somewhat  like  iliose  of  malaria.  It  is  a  disease  which 
can  take  a  rather  acute  course,  but  as  a  rule  is  exceedingly  chronic,  run- 
ning for  years,  yet  nnifunnly  fatal  when  the  parasite  invades  the 
cerchrnspinal  tliiid  which  scons  to  be  the  common  or  jKrhaps  unfail- 
ing result.  It  is  accompanied  by  an  irregular  temperature  often  with 
iniennissions.  by  multiple  erythema,  moderate  anannia,  marked 
emaciation,  loss  of  strength,  localized  redcma  of  face,  trunk,  and  legs, 
enlarged  spleen,  and  swelling  of  the  lymph-glands,  especially  those  of 
the  posterior  cervical  region,  l^ter,  the  so-callc<l  "  sleeping  sickness" 
begins,  which  is  due  to  the  presence  of  llic  parasite  in  the  cerebrospinal 
fluid,  and  found  there  in  practically  every  case  (  Brtice), 

This  fluid  should  lie  centrifugalizcd  gently  for  fully  five  minutes. 
It  can  then  be  ixaired  oflf  lo  the  last  dro|»  into  another  tulw  and  the 
sediment  examined  under  a  well  vaselined  cover-glass.  If  centrifu- 
galizcd  too  violently  their  motility  will  he  less,  and  they  may  be  mu- 
tilated by  the  weight  of  the  sediment.  The  fluid  should  be  ceiitrifu- 
galii-cil  two  oi-  even  three  times,  for  none  may  be  foiuid  in  tlie  first 
sediment.     N<tt  many  are  present. 

The  parasite  of  man.  Trypanosoma  gambiense,  can  in  no  way 
l>e  distinguished  from  that  of  the  tsetse  or  surra,  cither  inoq>hologi- 
cally  or  pathngeniailly. 

There  are  two  other  forms  of  trj'panosoma  which  are  easily  dis- 
tinguished fri>m  that  of  man.  and  which  occur  quite  Ci>mmonly.  The 
one  is  Try|«ni isoma  theilcri,  which  is  pathogeiiic  for  caitle  alone, — 
it  is  a  parasite  from  two  to  three  times  as  I'nig  as  the  human  form, — 
and    the    trypanosoma    of    rats,    which    is    morjihol'igically    char- 
acteristic, since  the  |Histcrior  end  is  long  drawn  01"        '  '    'he 
centrosome  is  not  near  the  end.  but  at  the  i" 
and  the  middle  thirds.     It  can  be  easily  ' 
trj'panosomata,  even  when  they  coexint 
about    10  to  _^o  per  cent,  of  rats  love 
others  in  even  <)0  per  cent. 
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For  a  recent  discussion  of  the  whole  subject  the  reader  is  referred 
to  the  report  by  Musgrave  and  Clegg."*^  A  recent  good  brief  review 
is  by  Koch.'"* 

Piroplasmosis.     Infection  with  the  Leishman- Donovan  Bodies 

The  Leishman-Donovan  bodies  (see  Fig.  120)  are  small,  oval,  round. 
or  oat-shaped  bodies,  from  2.5  to  3.5  microns  in  diameter.  They  have 
a  definite  cell  outline  and  contain  two  chromatin  masses,  a  larger  one, 
the  "  nucleus,"  almost  round  or  oval  which  stains  faintly,  and  a  smaller, 
bacillus-shaped  "  centrosome,"  wiiich  stains  deeply,  and  which  is  di- 
rected either  at  right  angles  or  nearly  so  to  the  axis  of  tiie  nucleus. 
These  two  bodies  are  btjth  in  the  long  a.^is  of  the  cell,  the  larger  on 
the  periphery.  Many  are  vacuolated.  The  outline  of  the  cell  cannot 
always  be  seen,  but  these  two  masses  thus  arranged  are  distinctive. 
They  are  easily  stained  by  the  various  polychrome  methylene  blue- 
eosin  mixtures.  They  are  best  studied  with  the  highest  powers,  the 
oil  lens  and  V  ocular. 

They  are  not  found  in  the  circulating  blood,  except  a  few  intra- 
cellulars in  two  fatal  cases,  but  easily  in  that  from  splenic  puncture, 
and  in  the  granulation  tissue  snipped  off  from  the  ulcers  with  scissiirs 
and  crushed  thin  on  the  slide.  At  autopsy  many  are  found  in  the 
mesenteric  lymph-glands,  bone-marrow,  and  liver. 

Some  lie  free  but  most  seem  to  be  intracellular,  one  or  two  in  a 
leucocyte  (  ?),  from  one  to  twelve  in  endothelial  or  splenic  cells,  some, 
even  hundreds  in  large  masses,  in  macrophages{  ?).  These  masses  arc 
variously  interpreted.  If  cells,  they  are  badly  degenerated.  Ross 
considers  tliciu  tn  be  a  "matrix"  in  which  ihc  organisms  lie.  and  that 
none  ;ire  iiitraceliiilar.  and  Manson  regards  such  niasses  as  zoiiglia. 

Their  division  may  be  fnlluwed.  It  begins  in  die  larger  chromatin 
mass  and  ends  in  the  smaller  which  may  begin  to  ilivide  after  the 
fragments  of  ilic  larger  arc  widely  separated. 

Tliii  ]>:ir:i-ii(,'  is  siipim-.od  lu  liu  ilie  c:l\isi'  of  ^iiiiic  Cases  of  the  chronic  "  ma- 
1ari;ir"  cai-lii'xin  i>f  ilic  "I'n^iiiis,  (hiiii-il^iiii  foviT,  k.ila  azar,  tro|iic.il  splenomegaly; 
cif  llif  inipical  iikcr,  llillii  lji>il,  Aleppo  biiUon.  yciiule  sore,  oriciilal  snrc,  tic.  Il 
i'.  a  lihli  (li-iM-;i'.  In  tlu'  "]"ro|iii:s  it  (iroiiii.-cs  (o  prove  ovi'n  more  important  tlian 
llic  malarial  i.ri;aTiiMii.  Clinioally  lliiTC  .ire  Kroat  fill  a  rem  lent  of  the  Spleen,  eniacia- 
tii'ii.  irriKiiLir  tLitT.  \arion-  nlpiloiniiial  Mniploni-.,  a!nl  ciilancons  hemorrhages 
and  iildT.ilidn'i, 

l>ono\an  roporl*  72.  i::t~e~'"'  willi  a  iiiorlalily  of  30.5s  per  cent. 

Tlie  blood  features  nre  a  nimlerale  ;ui;eniia,  from  2,000.000  to 
4.000.000.  and  leiicupeiua,  widi  a  relative  and  absolute  increase  of 
the    largo    ninnofuicleav;.      The    average    leucocyte   count    is    aboot 

'"^  Rioloi;ii.'al  I. all.  Department  of  the  Inlcrior.  Bureau  of  Government  tjtbon- 
lorii'<,   lijo.v 

"■' nuilMlu-s  mill.  W'oilKii-ehr..   1004.   N".i   j; 
""I.aMfet,   Si'ptcmluT   10.  HHM 


CHAPTER    VI 
EXAMINATION   OP   VARIOUS   FLUIDS 

AuoNG  these  are  the  plasma,  serum,  lym[^,  the  cerebrospinal,  the 
various  transudates  and  exudates,  the  ^stic  fluids,  the  synovial  and 
amniotic  fluids. 

Specific  GRAvnY^-Thii  may  b«  determined  with  an  accurate  araeometer  (sec 
page  87).  Our  figures  given  in  the  following  pages  were  determined  gravi- 
metrically. 

DuKD  CoNSTTiUENTS.— In  a  weighed  glass  dish  with  a  ground-glass  stopper 
are  weighed  or  measured  from  10  to  30  cc.  of  the  fluid  in  question.  This  is 
evaporated  over  a  water-bath  and  then  in  vacuo  over  sulphuric  add.  It  is  then 
dried  at  about  110°  to  constant  weight,  no  higher  if  urea  or  other  fragile  bodies, 
as  is  usually  the  case,  are  present 

Pboteids. — In  all  may  occur  serum  albumin,  serum  globulin,  in  some  fibrino- 
gen; the  albumoses  are  rare.  True  peptone  is  said  never  to  occur,  while  the 
glyco-proteidi  and  the  phospho-proteids  occur  in  some;   e.g.,  the  cystic  fluids. 

For  examination  of  the  proteids  it  is  first  necessary  to  remove  the  organiied 
structures.  This  may  be  done  by  sedimentation,  centrifugal ization,  filtratiMi  throo^ 
paper  or  Kieselguhr.  If  fibrin  is  present,  it  will  be  evident  to  the  naked  eye,  and 
shown  positively  by  the  rapid  solution  of  the  clot  in  artificial  gastric  juice,  and  its 
glassy  swelling  on  the  a'dditiou  of  o.i  per  cent  hydrochloric  acid. 

Albumik,  Globuun,  Fibbinogen. — From  20  to  50  cc  are  mixed  with  an  equal 
amount  of  saturated  (NHi)iSOi  and  allowed  to  stand  one  hour.  The  amount 
chosen  should  not  contain  more  than  0.3  to  0.3  gm.  of  proteid  for  each  preci[»tate. 
It  is  then  filtered  through  a  weighed  filter,  the  precipitate  washed  with  half-satu- 
rated (NHt)iSOi  until  the  filtrate  gives  no  cloud  with  acetic  acid  and  KiFeCNi^ 

(a)  The  filtrate  is  boiled,  acetic  acid  added  until  faintly  acid,  it  then  boiled 
again,  and  filtered  through  a  weighed  ashless  filter.  The  precipitate  is  washed  with 
hot  water,  then  with  alcohol,  then  wilh  ether,  and  brought  to  a  constant  weight  at 
120°  C.  It  is  then  ashed  and  the  weight  of  this  subtracted  to  give  the  weight  of 
the  albumin. 

(6)  The  precipitate  on  the  filter  paper  is  heated  to  110°,  washed  with  hot 
water,  then  alcohol  and  ether,  dried  to  constant  weight,  and  its  ash  subtracted.  This 
will  equal  the  weight  of  the  serum  globulin  and  fibrinogen. 

For  the  determination  of  both  together,  see  page  614. 

Glvco-proteids  and  Phosphorus-containing  Proteids,  (1)  MuHn. — In  gen- 
era! 100  cc.  of  fluid,  diluted  if  necessary  with  water,  are  precipitated  with  acetic  acid, 
filtered,  and  the  precipitate  washed  wilh  water  acidulated  with  acetic  acid.  The 
precipitate  is  then  dissolved  in  weak  alkaline  water,  and  rcprecipltaled  with  acetic 
acid. 

A.  Mucin.  Mucoid. — A  part  of  ihis  precipitate  is  boiled  on  the  water-bath 
with  dilute  mineral  acid  (HCI)  and  filtered,  and  the  filtrate  tested  for  sugar 
The  reduction  of  the  copper  is  not  as  ready  as  by  pure  glucose  solutions,  hence 
considerable  boiling  may  be  neces.sary,  and  the  reduced  copper  seen  only  after  the 
fluid  is  cold  and  the  precipitate  settled. 

Mucin  is  a  glyco-proteid  of  a  stringy  consistency,  insoluble  in  acetic  acid  even 
in  excess.  Mucoid  is  simitar  in  nature,  but  differs  in  so'me  physical  characteristics. 
A  sharp  line  cannot  he  drawn   (^ee  page  211). 

B.  Phosphorus-Containing  Prolcid. — A  part  of  the  precipitate  is  examined 
for  organic  phosphorirs.  It  is  ashed,  the  ash  dissolved  in  dilute  HNO..  healed  to 
boiling,  concentrated  somewhat,  and  then  ammonium  molybdate  added  in  excess, 
A  yellow  color,  and  then  a  yellow  precipitate  which  forms  most  readily  at  40'  C., 
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»  evidence  of  plioq>horic  acid.  Or  the  precipitate  may  be  distolved  iit  HO< 
ini<le  Alronitly  alkaliTic  utili  aminnnia,  aiul  then  maKnctium  niixiiite  added.  The 
«-hiIe  iirecipitalc  ut  XH.Mgt'Ui  iivlicutei  phuiphuric  acid. 

H  ilie  rejiciion  for  pliiMplnnii>  be  merely  laint  the  leu  has  no  inenninK,  since 
all  of  ihe  jiliosphates  and  lecithin  aiiinut  be  wuiheO  from  tlie  nmciii  pi'ccipiiatc. 

If  oTBiinic  phosphorut^  has  been  iouiid,  a  pan  oi  the  original  precipitate  i« 
diMolved  in  KaOH.  (hen  HCl  added,  boiled  lu  clear  solution,  jiipertaiurjtcd  with 
ammonia  and  then  prccipiiaied  with  .AgN'O..  .A  lloceiilent  cloud  tndKaiei-  a  nuclco- 
proicid.  the  silver  lalt  of  Ihe  nuclcin  base  iKing  precipitated.  If  none  forms  (he 
pha«phoritK  budy  >i  a  paranucleo-proteid. 

Fat.  LKCiTinN  anu  Cholutuix.— To  from  jo  lo  so  ec  of  the  tlutd.  weiehcd 
or  meastired,  are  added  from  3  to  4  volumes  01  absolute  alcohol.  This  1*  allowed 
to  stand  nniil  (he  next  day  with  repeated  stirrings,  then  liltered.  the  precipitate 
washed  with  ab^o1llle  alcohol,  an<l  the  precipitate  placed  in  the  cylinder  of  a  Soxh- 
le(  cther-extracdon  apparatus.  Tlic  alcohol  filtrate  is  neutralised  and  evaporated 
at  60°  C.  The  rciidui-  is  taken  up  with  aleohol  and  ether  and  fc-evnporaie<l.  The 
residue  is  then  inketi  up  wirh  ether  and  placed  in  Ihe  flask  of  thi«  same  Soxhiet 
apparatus.  The  precipitate  is  then  extracted  for  hours.  The  ether  cxlraci  i* 
evaporated,  ihe  ri;>idiie  taken  up  in  water-free  ether,  tlic  lillered  aoluiidn  evaporated 
m  a  weighed  henker,  and  dried  in  vacuo  over  nulpburic  acid  to  con<lant  weighL 
Thi»  will  be  the  combined  wtight  of  ilic  fnt.  keiibin,  and  choleiicrin, 

Thit  residue  it  divmlved  in  aleohol,  alcoholic  KOH  added,  and  it  warmed  on 
ihe  water-bath  (or  one  hour,  then  evaporated  to  dryness  Tile  fat  is  now  »oap 
and  glycerin.  To  the  residue  i^  now  added  water  (not  too  lillle}  and  ibis  shaken 
out  several  limes  niib  equal  volunici  of  ether. 

The  ethereal  cxiraci  i^  distilled  to  sniall  volume,  then  evaporated  in  a  weighed 
beaker  to  dtynesi.  The  le^idne  conuiifis  soap  and  chulesteriii.  The  former  may 
be  washed  out  with  cold  alcohol  (Miiatl  portions)  slightly  acidulated  with  flCI. 
The  eholesterm  left  is  dried  at  80°  C  and  weighed. 

Tlie  alcohol  washings  with  the  loap  arc  addcil  to  the  water  extract  of  the 
previous  reparation,  which  now  contains  all  the  leeitliin-phospboru^  This  fluid 
is  evaporated,  the  residue  ashed,  and  the  phosiihorus  determined. 

(  Disteary  I  lecithin  contains  3,84  per  cenL  of  phofphonis,  di  pa  linity  I  lecithin  4.12 
per  cent. ) 

Lki'cih.  Tvkosin.— The  fluid  is  examined  as  fresh  as  potsible.  ,M1  of  the 
albumin  is  removed  by  heal  and  acetic  add,  or  by  precipitation  with  froni  three 
(o  four  vohiniet  (if  alcohol,  heating  on  the  water-bath,  cooling,  and  filtering.  The 
alcohol  is  removed  by  evaporation.  The  filtrate  is  precipitated  with  nriilral.  then 
with  basic,  lead  acei.ite.  avoidinft  carefully  any  exceis.  and  filtered.  The  lead  is 
removed  from  the  filtrate,  with  HtS,  the  filtrate  evaporated,  and  exnmincd  for  ciT*- 
Uls  (see  paite  249). 

SircciNic  ,\(-iD,  CHsCOOH.ClKCOOII.— This  acid  occtii^i  in 
many  aniiiiat  l1tiii!s  in  traces:  sometimes  in  (l)«  fluid  of  liydruccphaliis 
and  iiydrncele.  nnich  in  ecliinococciis  cysts,  ami  in  wixil-fal.  Il  is 
formetl  hy  tlie  hactcrial  ilccniniKwin'on  of  jmttcids  and  sugar.  It 
frct;|iK-iitly  tjcairs  in  acid  milk  in  tlie  intestine,  in  pntrid  pus,  and  in 
the  alcoholic  fermentation  of  sugar. 

The  fluid  ii  freed  of  albumin  by  heat  plus  acetic  acid     If  it  be  urine  wlHch  I 
tested,  the  atbmnin   is  firil   rcmo^-ed.  the  urine  iwrfeelly   preripiUled   wil>>  ' 
water,  and  the  excess  of  this  removed  by  H.SOi.    Tlie  filtrate  is  cvii> 
residue,  acidified   with    HCl.  and   extracted   repeatclly   with   ether 
ei'aporalrd  off.  the  re*idiir  Inkeii  up  with  a  small  anioimi   of  water, 
to  stand  mitil  cry^Ulli*ation,     Or.  the  watery  wilution  may  I*  liesic 
nitric  acid  added  drop  hy  drop  tiniil  it  take*  a  slicht  yelliiw  color,  llwi 
If  no  crystals  form  a  portion  of  the  residue  is  fused  in  n  test-tube  w 
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and  zinc  dust  If  a  match-stick  wet  with  strong  sulphuric  acid  is  held  at  the 
month  of  the  tube,  the  red  color  of  pyrrol  indicates  succinic  acid.  Is  this  test, 
however,  hxmin  and  the  indol  derivatives  must  be  excluded.  These  latter  wiU 
give  the  reaction  on  heating  alone.    H«min  on  heating  with  zinc  dust  alone. 

Lactic  Acid,  CjHjOa. — Of  the  three  modifications  of  lactic  add 
the  inactive,  or  lactic  acid  of  fermaitatton,  occurs  oftenest  in  the 
stomach  and  intestine  of  man.  The  dextrorotatory  form,  or  sarcolactic 
acid,  occurs  in  the  muscles,  blood,  pericardial  fluid,  aqueous  humor, 
and  intestinal  contents.  It  occurs  also  in  the  urine  in  acute  ydDow 
atrophy  and  phosphorus  poisoning,  liver  cirrhosis  after  respiratory 
distress,  severe  exercise,  and  before  death.  It  occurs  in  pathoI<^cal 
transudates  often  in  abundance,  in  the  bones  in  osteomalacia,  and 
in  the  sweat  in  puerperal  fever.  The  laevorotatory  form  has  never 
been  found  in  the  body. 

The  fluid  to  be  examined  is  made,  if  necessary,  faintly  acid  with  dilute  HtSOt, 
boiled  and  filtered  to  remove  the  albumin.  Baryta  water  is  added  as  long  as  a 
precipitate  forms,  and  the  excess  of  the  barium  removed  with  COi.  The  filtrate 
is  evaporated  to  a  thin  syrup,  without  heating  above  70°,  in  order  to  avoid  the  brown 
color.  Absolute  alcohol  to  about  ten  volumes  or  more  in  amount  is  then  added 
slowly  to  the  syrup,  it  is  well  stirred,  allowed  to  stand  for  some  time,  then  poured 
off.  The  residue  is  dissolved  in  a  little  water.  The  procedure  is  repeated  with 
alcohol  once  more,  continuing  \n  the  same  way.  The  alcoholic  solution  is  ponnd 
off,  filtered,  the  alcohol  distilled  off  to  a  thin  syrup,  and  the  residue  digested  on 
the  water-bath  at  a  moderate  temperature  to  drive  off  the  alcohol.  It  is  then 
cooled.  To  the  thin  syrup  is  added  an  equal  amount  of  dilute  phosphoric  add; 
it  is  brought  into  a  large  flask  and  shaken  out  with  a  large  amount  of  ether  which 
gradually  takes  up  the  lactic  acid.  The  ether  must  be  frequently  renewed.  TIk 
united  ether  extracts  are  then  Altered  clear,  the  ether  distilled  off,  the  residue  dis- 
solved in  water,  boiled  for  some  lime  with  an  excess  of  ZnCO..  filtered,  washed 
with  hot  water,  evaporated  to  a  small  volume  on  the  waier-balh,  and  allowed  to 
stand  until  the  zinc  salt  of  lactic  .icid  crystallizes  out.  Alcohol  is  then  added  to 
the  mother  liquid,  and  it  allowed  to  stand  longer,  and  another  mass  of  crystals  is 
obtained.  The  zinc  salt  is  dissolved  in  hot  water  and  Ihe  zinc  precipitated  by 
HiS.     The  filtrate  is  then  evaporated  to  a  syrup  containing  the  lactic  acid. 

It  is  wholly  untrustworthy  to  attempt  to  recc^nize  lactic  acid  simply  from  its 
crystalline  form  or  by  Uffelmann's  test  alone. 

Inosite  C9Ha(OH)H. — This  cx:curs  in  the  urine  of  diabetics,  in 
albuminuria,  traces  perhaps  in  each  normal  urine,  but  especially  in 
polyuria,  and  in  the  echinococcus  cysts. 

The  albumin  is  removed  by  heat,  the  phosphates  precipitated  by  baryta  water, 
the  filtrate  evaporated,  and  Ihe  creatinin  allowed  to  crystallize  out  by  boiling  with 
from  one  to  four  volumes  of  alcohol.  If  a  heavy  precipitate  results  which  sticks 
lO"  the  glass,  llic  fluid  is  simply  decanted,  but  if  tlocculeni,  it  is  filtered  through  a 
healed  filter  and  then  allowed  lo  cool.  The  fluid  then  stands  for  twenty-four 
hours.  If  inosite  is  present,  crystals  will  form  which  may  be  filtered  oul  and 
washed  with  cold  alcohol.  The  alcohol  precipitate  may  be  dissolved  in  boiling 
water,  from  three  to  four  vohimes  of  hot  alcohol  addetl.  and  the  above  procediire 
repe.iled  lo  recover  the  innsitc  therein  contained.  If  no  crystals  form,  to  the 
clear  alcoholic  filtrate  is  added  little  by  little  ether  until  a  slight  milky  cloudiness 
results  which  does  not  disappear.  This  is  then  allowed  to  stand  for  twenty-four 
hours.     All  the  inosite  is  precipitated  as  mother-of-pearl  plates. 
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In  caM  tli«  urine  is  examined,  ii  h  firii  pmipitaietl  by  baryta  waicf  and  the 
liltralr,  ajicr  hvalin|[.  picapilulcd  with  PbAo,  avuiding  un  cxcc»9-  It  is  ullowed 
lu  tianil,  ii  liltcTcd.  liie  |im'ipii.itc  wailiciL  >iutpeni]c4  in  water,  dccomposetl  by 
HiS,  liltercd,  lllc  tiltrMc  I'vapurutrd.     Oiic  iIieii  prucveilt  as  above. 

Inosiic  cry^tallucs  in  rhcimbulicttrnl  cryti.nb  uliich  mcli  nt  JJ5*  C,  arc  ^^oluble 
in  water,  t  :  75,  iii^nhilili:  in  uk'ulif>l  ur  vlhcr  II  docs  not  (crnicnl,  nur  d<M;i  it 
niUlc  lllc  plane  ni  polari/.aiion :  it  distntvct  CuiOHIi  uiilioni  rrdncijoii,  is  pic* 
cipiutcd  by  PbAc.  and  diMrs  not  give  c^>•^lal^  willi  p!ienylliydnn:inc. 

ScioniKM'.i  TicsT^A  mtiqII  nmoiinl  (1!  [lie  precipitate  of  tlie  crystals  is  evap- 
oriled  witli  iiitrit  add  on  a  plalinnm-foil  alnicwl  lo  dryncii.  To  the  residue  are 
nd<tcd  anniumia  and  one  drop  of  OiCli  and  the  ev.ipr>r:iiiun  cnniinucd  !«  dryncst. 
A  bcnoliful  rose  culor  tcsiills.  The  crystals  must  bt  preity  jnire  lo  give  a  pojilive 
tc<.t. 

Seidel's  Test. — Thi*  icsi  i*  similar  10  the  above  with  ilie  exception  that  stron- 
liinn  acetate  i^  used  instead  of  calcium  chloride,  arid  1.  green  color  with  ft  violet 
precipitate  results.    Tins  test  is  positive  if  as  vag.  of  inomie  be  prcsent- 

Allantoin,  (CO)«(NH)jNHa. — This  botly  is  found  in  the 
urine  nf  the  iiew-boni  child.  A  slight  trace  is  said  to  occttr  in  all 
noi^ial  urines,  and  especially  those  of  pregn.ini  women.  It  occurs  in 
some  ascitic  Hnids.  in  hver  cirrhosis,  and  in  certain  uvarian  cysts. 

The  albumin  xt-  rc:nnvcd  by  heat  and  acctjc  add.  The  fluid  i%  then  prcdpitated 
wilb  HkN'Oi,  tilt  pTceipitnic  washed,  siitpciided  in  water,  decomposed  witb  HjS,  and 
filtered.  To  ibc  tilltate  a  little  ammonia  is  added,  and  the  whole  evaporaleii  to  3 
sniall  volume  on  the  waicr-balh,  The  elpar  lliiid  U  then  prcetpiiaied  with  aniinonia- 
cal  AgNOi.  (The  precipitate  is  sohible  in  excejs  of  anunonia.  which  must  lie 
avoided.)  Thi*  is  allowed  to  Mand,  the  silver  sail  of  allantoin  is  collected  on  the 
filter,  wathed,  suspended  in  water,  decomposed  with  HiS.  the  filtrate  evaporated, 
and  allowed  to  crysialli/e. 

The  l.oewy  method  ii  recommended  (or  the  urine.  Tlie  faintly  add  urine  is 
precipitated  with  nirrcurous  nitrate  (which  is  ilinsnlved  in  as  little  acid  as  pos- 
siiilc  plui  some  metallic  mercury),  filtered,  the  precipiiale  well  wa.shcd,  the  filtrate 
■*  then  iireti|iitaled  with  H:S.  and  filtered,  the  filtrate  warmed  to  drive  off  thi* 
gas.  MgtJ  then  added,  and  the  whole  precipitated  with  AgNO..  This  precipitate  i* 
filtered,  na*hcd.  suspended  in  water,  and  decomposed  with  HiS  while  wami;  the 
filtrate  evaporated  to  dryness,  the  residue  extracted  with  hot  water,  and  when  cold 
ptenpitaled  with  ng(N()a)i-  The  predpilate  is  well  washed,  decomposed  with  HtS, 
the  filtrate  evaporated  to  a  concentrated  solution,  whereupon  the  sManloln  will  cfyf- 
talliie  out  in  glistening  prisms,  which  arc  odorle.s.s.  tastelei.i,  soluble  in  160  parts  of 
cold  water,  and  more  in  warm,  insoluble  in  absolute  alcohol  or  ether.  For  il5 
identification  the  silver  salts  are  studied,  concentrated  solutions  bdng  precipitated 
by  amnioniacal  AgNOi.  Tliis  precip'latr  is  soluble  in  exe**«  of  ammonia  Tlie 
while  flocculent  precipitate  on  standing  becomes  (tranular.  If  dried  at  lOO'  If 
give*  nn  easy  reduction  of  silver.  The  silver  salt  of  the  allantoin  dried  in  vactio 
gives  i-n  fusifin  40.71   \ivt  cvnl    .'\k 

Quantitative  Analysis  of  Serous  Fluid*.— Tlie  method  given  by  Thiertcliler ' 
is  the  "lie  we  use  and  "i  which  we  here  give  an  outline,  We  have  tried  it  on  all 
son*  of  fluid*,  and  while  each  step  is  satisfactory,  the  routine,  as  a  whole,  is  no*, 
nince  fluids  vary  greatly  in  their  eomposition.  ami  the  incihoi]  hits  none  exactly. 
If  one  use*  enough  ot  sonic  tinids  lo  obtain  a  nie<)surable  amount  of  certain  con- 
stituents, the  aiuonnt  of  other  constilueuli  may  Ire  in  such  vast  amount*  ks  to 
render  the  whole  inipossihlc;  delennine  these  latter  with  a  workable  amoiml,  and 
the  former  arc  an  -nlmost  vanishing  quantity.  Hence  it  is  better  to  determine  each 
substance  or  group  in  a  ipecial  portion      We  give  the  onlline  of  the  analysis. 

To  from  30  to  50  cr   of  the  fluid  measured  or  weighed,  and  freed  from 

'Hoppe  Scyler.  Giemische  Analyse,  1903. 
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formed  elements  by  filtntion,  are  added  from  three  to  four  volnmes  of  abtolnte 
alcohol.  This  is  allowed  to  stand  a  few  hours,  filtered  through  a  weighed  filter, 
and  washed  a  little  with  alcohol.  This  will  be  Filtrate  I.  The  precipit&te  u  theo 
washed  with  boiling  alcohol,  into  the  same  flask  with  ether,  and  then  ^ain  with 
alcohol;  these  combined  are  Filtrate  11.  The  precipitate  is  then  washed  with  boiling 
water  thoroughly,  Filtrate  III.  The  above  precipitate  will  contain  the  protdd  and  ■ 
few  salts,  haemoglobin  if  any  be  present,  but  not  much  of  the  other  pigments.  It  is 
now  washed  once  in  alcohol  and  dried  at  iaa°  to  constant  weight,  after  the  pre- 
cipitate next  to  be  mentioned  has  been  added  to  it  It  is  then  ashed  and  ibe 
weight  of  the  ash  subtracted  from  that  of  the  precipitate,  giving  the  weight  of 
the  protfidt. 

Filtrate  I.  is  evaporated  at  a  temperature  not  above  60'  C.  To  this  residue  ii 
then  added  Filtrate  II.  The  residue  and  fiuid  are  well  mixed  and  the  fluid  decanted 
through  a  dried  and  weighed  paper.  It  is  then  washed  repeatedly  with  absolote 
alcohol,  then  with  ether,  and  decanted  each  time,  but  none  of  the  precipitate  is 
allowed  to  get  onto  the  paper  (B  3).  Onto  the  residue  is  now  poured  Filtrate  III-, 
the  residue  well  mixed,  and  then  all  filtered  through  the  same  filter-paper,  but  rata 
another  flask  from  that  which  has  received  the  above-mentioned  decanted  fluids. 
The  precipitate  is  now  brought  on  the  paper  and  washed  with  water.  This  pre- 
cipitate is  dried  and  added  to  the  above-mentioned  proteid  precipitate,  since  it 
contains  that  amount  of  proteid  which  was  lost  in  the  first  precipitation.  The 
watery  extract  of  the  above  is  evaporated  in  a  small  weighed  porcelain  dish  hi  a 
water-bath,  dried  at  tio°  to  115*  C.  to  constant  weight,  and  weighed. 

B.  a.  It  is  burned  at  a  moderate  heat,  ashed,  and  the  weight  of  the  ash  deter- 
mined. 

B.  3.  The  alcohol-ether  extract  is  evaporated  on  the  water-bath  at  a  tempera- 
ture not  above  60°  C,  dried  in  vacuo  over  HiSOi.    To  the  residue  is  added  ether, . 
and  filtered  into  a  flask  through  a  small  paper,  washing  repeatedly  with  ether. 
This  will  contain  the  urea,  sugar,  soaps,  sodium  chloride,  fat,  lecithin,  cholesterin, 
and  the  cholesterin  ester. 

B.  3  u  is  the  residue  of  the  above.  This  is  washed  from  the  beaker  and  paper 
into  a  small  weighed  porcelain  dish,  evaporated,  dried  at  a  temperature  from  IIO* 
to  ns°,  fused  at  a  moderate  heat,  and  weighed. 

B.  3  b.  The  ethereal  extract  is  treated  as  on  page  611.  It  contains  fat,  choles- 
terin, lecithin,  cholin,  etc. 

CEREBROSPINAL    FLUID 

The  normal  amoioit  varies  greatly ;  often  froin  5  to  10  cc.  or  more 
may  be  obtained.  The  fluid  is  relatively  most  abundant  in  the  first  years 
of  life.  It  is  pathologically  increased  in  certain  infections  diseases,  in 
meningitis,  and  always  in  hydrocephalus  and  in  general  paralysis  of 
the  insane.  Coriat  found  it  increased  in  alcoholic  cases  (  10  to  100 
cc),  in  dementia  precox  (even  50  cc),  and  in  general  paralysis, 
sometimes  over  100  cc     In  senile  cases  it  was  even  60  cc. 

In  color  the  fluid  is  either  absolutely  limpid  or  bas  a  slight  vel- 
lowisb  coltir  due  to  lutein,  the  pigment  of  blood-serum.  In  subdural 
hemorrhage  the  fluid  may  be  red,  in  jaundice  a  greenish -yellow,  while 
the  presence  of  pus  will  of  course  give  it  an  opaque  yellow  color.  It 
is  also  stained  by  certain  drugs,  as.  for  instance,  methylene  blue. 

In  reaction  it  is  normally  alkaline,  but  rapidly  becomes  acid  po«t- 
mortem.  Its  reaction  varies  much,  and  it  is  said  sometimes  even  to  be 
acid  during  life,  due  to  lactic  acid  fermentation.  Post-mortem  in  even 
ten  minutes  it  has  been  found  acid,  for  instance  in  one  case  after  cpi- 
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leptiform  convulsions,  in  wliich  case  the  (inactive)  lactic  acid  formed 
in  the  brain  was  said  to  have  been  present.  Its  reaction  depends 
directly  upon  the  reaction  of  the  brain-tissue. 

The  specific  gravity,  Coriat  states,  is  from  1007  to  loio  normally 
(Halliburton,  1006  to  1008).  In  various  diseases  this  varies  much, 
and  nothinfj  specific  has  been  determined.  In  general  paralysis  loog 
to  1012  are  common  figures;  in  hydrocephalus  1008  to  1009,  thus 
within  the  normal  limits. 

In  the  cerebrospinal  fluid  is  found  a  reducing  body.  0.04  to  0.05 
per  cent.,  the  nature  of  which  has  been  much  tHsputed.  Halliburton 
claims  that  this  is  similar  to  pyrocatechin,  that  it  is  not  sugar,  is 
always  present,  and  is  increased  by  repeated  tappings.  Tliis  reducing 
body  reduces  copper  but  not  bismuth,  does  not  ferment,  is  optically 
inactive,  and  gives  no  osazon  with  pJienylhyUrazine.  Mott  and  Halli- 
burton found  this  body  absent  in  twelve  of  fourteen  cases  of  general 
paresis;  it  is  absent  in  tuberculous,  and  especially  epidemic,  cerebro- 
spinal meningitis.  Others  claim  that  glucose  is  present  in  hydro- 
cephalus (Cavazzini)  ;  in  diabetes  (Schaefer),  in  which  case  0.32  to 
0.35  per  cent,  is  said  to  have  been  found:  in  grave  pneumonia  it  is 
increased.  Coriat  thinks  that  the  body  is  glucose,  or.  at  least,  is  not 
pyrocatechin. 

Urea  is  present  from  o.oi  to  0.05  per  cent.,  and  has  no  pathological 
significance.  Much  is  present  in  hydrocephalus,  in  which  condition 
the  fluid  is  almost  normal:  nuicli  in  nephritis,  even  0.45  per  cent., 
and  considerable  in  arteriosclerosis.* 

The  protcids  found  are  globulin,  nucleo-proteid,  and  protalbumose. 
The  total  proteid  according  to  Quincke  is  from  o.j  to  0.5.  Ricker 
0.5  to  I.  and  (jumpreclit  0.J5  per  litre.  Halliburton  foun<l  that  of 
thirteen  ca^-ses.  in  alt  {;k>bulin  was  present:  in  six  cases  alhumose  also, 
while  in  dirce.  two  of  which  were  clearly  cases  of  inflamniation,  albu- 
min also.  \o  fibrinogen  is  ever  found  normally.  (To  detect  this  a  lit- 
tle blood-serum  is  a(kied  to  the  cerebrospinal  fluid,  and  its  presence  is 
evinced  by  fibrin  formation.)  Serum  albumin  is  said  to  lie  normally 
absent.     In  meningocele  albuninse  and  peptone  have  lieen  found. 

In  general  paresis  the  total  solids  are  even  2.39  p.  ni. :  the  protei<ls 
are  considerably  increased.  There  is  some  increase  in  hydrocephalus, 
in  inllammatory  con<Iitions.  in  cases  with  stasis  dwt  to  brain  tumor 
(2  to  4  p.  m.).  after  repeated  ta])pings.  in  ajKiplexy,  and  in  meningitis 
{as  a  rule.  2  to  3  \i.  m. ;  hut  if  purulent  7  to  9  p.  m.). 

Mmt  anr!  HallilmrfDn  rfcommcnci  llic  following  qiianlilnlive  mclhiid :  The 
fluid  is  nindc  M-\t\  »iih  .icfiic  acid,  two  viiJiimi's  nf  absoliilo  alinliol  are  addtd. 
it  is  then  Uiikd,  filliTcd,  the  pri;cii>il:H(;  dritd  at   [io°   C„  and  wciftlicil, 

'  See  Widal  and  Froin,  Gni.  dcs  Hop.,  No.  raa.  190-4- 
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In  eight  cases  of  general  paresis  the  average  percentage  was  a239. 
In  two  of  spina  bifida  0.088  per  cent  In  general  paresis  proteoses  and 
peptones  were  absent  and  the  proteid  was  chiefly  globulin  with  a  little 
nucleoproteid. 

This  latter  is  determtned  in  one  litre  of  the  fluid  to  which  alcohol  has  been 
added,and  the  precipitate  digested  in  water.  If  the  undissolved  residue  is  found  tocon- 
tain  a  high  percentage  of  phosphorus,  indicating  nuclein,  the  residue  is  washed  with 
0.3  per  cent  HCl,  heated  on  the  water-bath  at  ioo°  C.  with  fuming  HNOi  and  a 
small  amount  of  HiSOi  and  KQOi.  The  residue  is  dissolved  in  HNOi  and  am- 
monium roolybdate  added;   a  yellowish  crystalline  precipitate  results. 

A  very  good  idea  of  the  amount  of  proteid  present  may  be  gained  by  the  heat- 
acetic-acid  test  A  normal  fluid  remains  clear  on  standing  some  hours.  If  it  be 
boiled  no  cloud  at  all  results,  but  on  adding  a.  drop  of  dilute  acid  a  veiy  faint 
white  opalescence  appears,  which  will  separate  in  fine  flocculi.  It  is  easy  to 
recognize  a  denser  cloud  than  normal. 

Saline  constituents  present  nothing  interesting;  they  resemble 
those  of  other  serous  fluids. 

The  toxicity  of  the  fluid  has  been  found  increased  in  general  pare- 
sis, also  after  epileptic  seizures.  Its  poisonous  qualities  are  due  to 
cholin  and  other  products  of  nerve  degeneration. 

Cholin  is  a  decomposition  product  of  lecithin,  the  chief  component 
of  the  myelin  sheaths,  and  is  found  where  there  is  nerve  disintegration. 
It  is  a  body  which  is  soluble  in  water  and  alcohol,  insoluble  in  ether, 
is  precipitated  by  PtQa  as  polymorphous  crystals,  which,  however,  if 
recrystallized  from  warmed  15  per  cent,  alcohol  are  regular  octahedra. 
These  crystals  are  insoluble  in  alcohol  and  ether,  but  soluble  in  water. 

The  careful  technique  given  by  Coriat  is  as  follows:  The  proteids  are  first 
precipitated  by  95  per  cent,  alcohol  in  excess,  the  filtrate  evaporated  over  the  water- 
balh  at  40"  to  dryness,  extracted  witli  absolute  alcohol,  Altered  again  and  evap- 
orated to  dryness.  This  process  is  repeated  several  times,  the  temperature  always 
being  kepi  low.  All  traces  of  proteid  and  potassium  salts  are  thus  removed.  The 
final  residue  after  cxtraclion  with  absolute  alcohol  is  a  syrup  of  a  light  color. 
which  is  divided  into  two  parts.  The  first  is  dissolved  in  distilled  water,  and  the 
second  in  15  per  cent,  alcohol.  The  watery  solution  is  tested  for  proteid  by  the 
biuret,  Millon.  and  other  proteid  reactions,  which  must  all  be  negative;  for  cholin 
by  the  ordinary  reactions  for  alkaloid  (phosphotungslic  and  phosphomolybdic  acids, 
et  ai),  which  must  all  be  po.iilive.  To  the  alcohol  solution  are  then  added  four 
drops  of  4  per  cent,  PtCln,  and  this  is  evaporated  in  a  watch-glass  over  CaCU. 
For  a  positive  test  lannic  acid  should  give  no  precipitate  (thus  neurin  is  ex- 
cluded) :  phosphotungslic  acid  a  white  precipitate,  phosphomolybdic  a  yellow,  also 
PtCIo  and  ,AuCL  and  Lugol's  a  brown  precipitate.  On  evaporating  the  13  per  cent, 
alcohol  ,s<ilutioii.  large  yellow  oclahedral  crystals  must  be  formed,  easily  soluble  in 
water  (therefore  not  neurin).  Their  size,  solubility  in  water,  and  the  fact  that 
the  watery  solution  gave  the  alkaloid  reaction,  excludes  potassium.  These  crystals, 
it  in  a  .sufficient  amount,  may  he  dried  and  the  platinum  determined,  which  should 
be  34,8  per  cenl. 

In  the  same  hydrolysis  with  lecithin  are  formed  the  glycero-phos- 
phoric  acids  aiul  stearic  aciil.  Tlie  latter  unites  with  the  glycerol  radi- 
cals til  form  the  neutral   fats  upon  which  the  Marchi  stain  dei>ends. 
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The  cholin  is  eiiminated   in   the  cerebrospinal   fluid  and  the  blood. 
Glycerophosphoric  acid  is  eliminated  in  the  urine. 

Tlie  presence  of  cholin  indicates  nerve  disintegration.  It  has  been 
found,  however,  in  a  wi<le  variety  of  nervous  disturbances,  general 
paresis,  combined  sclerosis,  insular  sclerosis,  alcoholic  iieuritis.  beri- 
beri, senile  dementia,  delirium  tremens,  ct  «/.,  rougjdy  in  amount  par- 
allel to  that  of  proteid  present,  both  being  a  measure  of  nerve-tissue 
disintegration.  Mott  considers  that  it  cannot  be  used  to  separate  the 
organic  from  the  functional  disturbances  unless  the  organic  disturb- 
ance be  active  at  the  time  the  fluid  is  examined.  Although  it  occurs 
in  such  a  variety  of  cases,  its  most  constant  occurrence  is  in  general 
paresis,  in  which  disease  Coriat  found  it  present  in  all  of  fourteen 
cases,  yet  with  no  relation  between  amount  and  anatomical  findings. 

We  add  a  table  of  a  few  analyses  we  have  recently  tnade,  calling  particular 
attention  lo  the  high  solid  content  in  stasis  (due  to  brain  tumor),  and  to  the  dif- 
ference between  the  ventricular  and  spinal  fluids  in  a  case  of  hydrocephalus,  a 
difference  which  wc  had  noted  in  two  previous  cases. 

The  cerebrospinal  fluids  will  not  keep,  in  fact  are  full  of  bacteria  in  a  few 
hours;    hence  must  be  used  while  fresh. 

As  regards  cholin  our  experience  is  limited,  but  we  fail  to  find  the  demon- 
stration of  octahedral  crystals  so  very  easy. 

CEREBROSPINAL  AND  VENTRICULAR  FLUIDS 
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Cytodiagnosis  of  Cerebrospinal  Fluid. — ^A  good  deal  of  atten- 
tion has  recently  been  directed  to  this  subject,  e^iecially  by  the  Frencfa 
for  the  diagnosis  of  general  paresis,  tab^  dorsalis,  and  lues.  Widal 
and  others  have  ^lown  that  in  these  conditions,  really  diseases  with 
chronic  posterior  meningitis  and  small  round-cell  infiltration  of  the 
meninges,  there  is  a  lymphocytosis  which  fails  in  functional  cases  and 
in  conditions  in  which  the  meninges  are  not  infiltrated.  In  purulent 
infections  one  will  find  a  predominance  of  pus<ells.  In  tuberculosis 
there  does  not  seem  to  be  the  same  constancy  of  a  lymi^ocytosis  as  in 
tuberculosis  of  the  pteura,  although  if  lues  can  be  ruled  out  a  lympho- 
cytosis is  said  to  sug^^est  tuberculosis  (when  the  clinical  symptoms 
point  to  meningitis).  But  it  may  be  due  also  to  any  other  long-cxmtin- 
ued  irritation,  as  lues,  ursemia,  tetanus,  and  mechanically  by  tumors.' 
Fischer  considers  in  general  paresis  the  chronicity  to  be  very  impor- 
tant, only  the  acute  cases  showing  a  lymphocytosis,  the  chronic  cases 
none. 

To  get  a  fairly  correct  idea  of  the  number  of  cells  in  the  fluid  the  technic  mtut 
be  at  least  tiniEorm.  The  method  of  Marie's  clinic  is  as  follows :  Three  cubic  centi- 
metres of  the  fluid  are  centrifugaliied  for  fifteen  minutes  in  ij  CC.  tubes  with  vttj 
■harp  points.  Ai  much  of  the  fluid  as  possible  ts  then  decanted,  and  the  edge  of 
the  tube  blotted.  With  a  very  fine  pipette  is  then  taken  up  the  very  small  drop,  all 
that  can  be  collected  from  the  end  of  the  still  inverted  centrifuge  tube.  This  is  then 
spread  on  a  slide  as  a  round  area  of  uniform  size  about  7  mm.  in  diameter.  This 
is  stained  with  any  polychrome  methylene  blue  mixture  and  examined  with  the 
40a  magnification.  A  few  lymphocytes  are  normal.  An  increase  can  merely  be 
estimated  by  a  comparison  based  on  the  uniform  technic 

One  point  must  be  emphasized,  since  we  know  of  three  mistakes 
made  by  neglecting  it.  Red  cells  are  not  rare  in  the  fluid,  from  slight 
hemorrhage  due  to  the  needle.  Some  of  them  will  take  a  deep  blue 
color,  and  with  the  magnification  used  will  be  counted  as  lymphocytes 
unless  one  be  on  his  guard. 

Using  technic  similar  to  the  above  Widal  considers  4  or  5  lympho- 
cytes per  field  of  the  400  magnification  as  the  maximum  normal :  as 
a  niie,  none  are  found. 

In  cases  with  stasis  (hernia  cerebri)  occur  large  cells  full  of  large 
fat-like  granules. 

Attempts  have  been  made  to  count  the  cells  directly.  Kramer  * 
found  in  general  paresis  6  to  145  per  cubic  millimetre,  in  dementia 
prajcox  o  to  2,  and  in  other  cases  o  or  i  cell. 

TRANSUDATES    AND    EXUDATES 

.Mthough  the  pathologists  will  not  agree,  the  clinical  chemist  may 
call  a  transudate  a  fluid  which  is  not  the  result  of  an  inflammation. 

'  Schlesinger.  Deiit.  med.  VVocli.,  1904,  No.  28, 
'  Am.  Jour.  Insan.,  vol.  Ix.  p.   107. 
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but  more  of  a  filtration;  wliile  an  exudate  is  the  result  of  an  inflam- 
mation. The  transudates  resemble  lymph,  contain  few  formed  elements 
and  almost  no  fibrin.  Their  proteids  are  serum  albumin,  serum  globu- 
lin, a  little  fibrinogen,  yet  not  enough  to  coagulate  spontaneously, 
although  the)'  will  if  blood  be  added.  ITie  exudates  are  richer  in 
formed  elements,  coagulate  spontaneously,  contain  tlie  so-called  nucleo- 
albumin  and  a  mucoid  substance.  The  specific  gravity  varies  as  the 
amount  of  albumin.  Some  claim  that  that  of  the  transudates  varies 
from  1015  to  1018,  and  if  over  1018  the  fluid  is  an  exudate.  This 
rule  is  practically  true,  and  yet  often  fails.  The  list  of  extractives 
which  may  be  present  is,  urea,  glucose,  creatinin,  uric  acid,  lactic  acid, 
inosite,  succinic  acid,  allantoin;  pathologically  occur  leucin,  tyrosin, 
bile  acids  and  pigments,  fat,  lecithin,  and  cholesterin. 

This  "  nucleo-aJbumin,"  or  better  "  euglobulin,"  is  valuable  in  dis- 
tinguishing these  two  classes  of  fluids.  If  a  few  drops  of  acetic  acid 
be  added  to  a  clear  exudate,  a  cloud  of  varying  depth,  but  usually  quite 
dense,  will  form.  It  is  rather  soluble  in  excess  of  the  acid.  The  cloud 
in  transudates  is  very  much  lighter. 

Peritoneal  Fluid. — In  cachexia  and  hydremia  this  fluid  is  slightly 
colored,  of  a  milky  opalescence,  does  not  clot  spontaneously,  has  a 
specific  gravity  of  from  1005  to  1015,  and  almost  no  cells. 

In  chronic  passive  congestion  the  specific  gravity  is  usually  lower 
than  1020.  Sometimes  it  contains  35  gnis.  per  litre  of  proteid.  In 
cases  of  cancer  of  tlie  peritoneum  the  fluid  is  turbid  with  cells,  of  a 
dirty  grayish  appearance,  a  iiigh  specific  gravity,  and  often  clots  spon- 
taneously. The  serous  fluid  present  in  inflammations  is  of  a  straw  or 
lemon-yellow  color,  somewhat  clomly  from  the  formed  elements,  coag- 
nlate."!  spontaneously;  proteid  30  gms.  or  more  per  litre,  and  a  specific 
gravity  of  1030  or  above.   Mucoid  substance  is  perhaps  always  present. 

This  is  proven  by  removing  the  albnmin  by  heat  and  then  by  precipitat- 
ing ihe  fihrale  by  alcoiiol.  A  precipitate  is  formed  from  which  one  can  split  off  a 
reducing  body. 

In  the  ascitic  fluid  may  also  be  determined  urea,  uric  acid,  allantoin. 
xanthin.  creatinin,  cholesterin,  and  sugar. 

The  fluids  wc  have  examined  liad  a  specific  gr.ivity  varied  from  1005.5  •"  ioig.8, 
Ihe  solids  from  1.3  10  4.5  gms,  per  litre,  globulin,  40  to  50  per  cent.  None  were 
very  acute  cases. 

Pleural  Fluids. — Physiologically,  there  is  not  enough  present  to  be 
analyzed.  The  pathological  fluid  may  vary  from  serous  to  fiero-puru- 
lent  to  purulent  or  hemorrhagic.  In  hydrothorax  the  specific  gravity 
is  lower  than  1015  as  a  rule,  the  albumin  from  10  to  30  gnis.  and  the 
fibrinogen  hardly  0.1  per  litre.     In  pleurisy  the  exudate  has  a  specific 
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gfravity  above  1020  as  a  rule,  albumin  30  to  65,  and  the  fibrinogen 

I  per  litre. 

In  nine  recent  uses  the  specific  gravity  vtried  from  1013^  to  1035.2,  and  the 
solids  from  3.13  to  7.ga6  per  cent.,  the  higher  being  in  the  acnter  cases.  The  total 
proteid  was  a.837  to  6.539  per  cent,  of  which  the  serum  globulin  was  from  39  to 
64  per  cent  The  acuter  the  cases  the  more  the  globulin.  The  acetic  add  precipi- 
tate was  markedly  more  in  the  acute  inflammatory  cases  than  in  the  transudates. 
It  is  interesting  what  a  little  difference  the  clotting  malces.  In  a  case  of  acute 
tuberculous  pleurisy,  before  clotting  the  specific  gravity  was  1022.1  and  the  gltrinilin 
3.875  per  cent;  after  clotting  (densely),  the  figures  were  ioai.7  and  3.376  re- 
spectively. To  clear  these  fluids  with  the  centrifuge  is  better  than  with  Kicsdguhr, 
since  the  extractions  found  are  lower  in  the  latter  case. 

The  cytodiagnosis  of  the  pleural  and  ascitic  fluids  has  been  a 
fertile  subject  recently,  all  work  directed  to  the  one  point,  the  possitnt- 
ity  of  a  diagnosis  of  tuberculous  pleurisy  or  peritonitis  biased  on  a  lym- 
phocytosis. Other  organisms  cause  a  migration  of  the  polymorphonu- 
clear cells.  Concerning  the  tubercle  bacillus  there  are  iorae  who  believe 
that  the  lymphocytosis  is  an  active  migration  of  the  small  mononuclear 
blood-cells ;  others  that  these  cells  are  really  derived  f rc»n  the  endo- 
thelial lining  of  the  serosa.'  It  is  true  that  in  some  cases  of  so-called 
proliferative  pleurisy  or  peritonitis  there  are  found  a  great  many  free 
endothelial  cells  and  large  groups  in  mulberry-like  masses  in  the  fluid. 
It  is  also  true  that  these  endothelitmi  cells  tmdergo  degenerative 
changes,  the  result  of  which  is  a  cell  similar  to  a  lymphocyte;  but  in 
tuberculous  pleurisy  the  cells  are  chiefly  typical  lympliot^es  and  the 
stages  of  condensation  of  larger  cells  not  so  evident.  In  Fig.  123  we 
have  drawn  some  of  the  cells  from  a  chronic  pleurisy,  showing  their 
transitions  from  very  large  fiat  to  small  compact  cells.  The  lympho- 
cytes in  the  picture  seem  different 

These  fluids  are  best  examined  very  fresh,  the  cells  cenlrifugalized  before  clot- 
ting occurs.  Smears  are  made,  and  stained  with  a  polychrome-met hyiene-blue-eosin 
mixture.  Thai  recommended  by  Musgrave  is  Wright's  mixture  diluted  with 
methyl  alcohol  3:  1.  This  stain  is  left  on  one-lialf  minute,  Ihen  diluted  with  water 
for   three    minutes    (see    page   425). 

In  hydrothorax  the  cells  are  few  and  mainly  endothelial ;  even  in 
the  serous  stage  of  pneumococcns  and  streptococcus  pleurisy  there  is 
a  great  preponderance  of  polymorphonuclears;  in  tuberculous  inflam- 
mations the  lymphocytes  are  the  predominating  cell,  since  the  infection 
is  weak  and  long-standing.  This  is  as  far  as  most  observers  go. 
Others  go  farther.  Barege,  for  example,  says  that  in  the  fluid  of  car- 
diac and  Bright's  disease,  if  the  fluid  contains  many  endothelial  cells, 
few  small  niononnclears.  and  fewest  polymorphonuclears,  the  origin 
is  mechanical ;  a  slight  increase  of  the  last  cells  means  congestion  of 
the  hnigs,  a  considerable  polynucleosis  means  lung  infarct.     The  work 

'See  Poieila,  Deut.  Arch,  f.  klin.  Med.,  April  17,  igoa. 
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of  1903  was  in  favor  of  cytodiagmais,  but  then  the  pcncluluni  swung, 
pnd  now  workers  arc  sceiitical." 

A  study  of  cases  from  this  chnic  was  made  by  Bunting,^ 

The  exceptions  lo  such  rules  are  too  nuirierous.    Some  find  lympho- 

cj'tosis  in  transudates,  in  pneuinococcua.  inthicrizat,  and  slapbylocDcciw 

infections;  anil  pniynuclcosis  \\hcn  strictly  ihcrc  is  nn  inHanimalion,  as 

in  infarcts,  sunstroke,  cancer.     Some  called  the  findings  "  relative," 

thers  said  "  problematical."     \Vc  iise  cytodiagnosis  very  little  now. 


Fir..  tsi.^-i'Mb  liom  1  f>li-unl  tiudalc.  thowln£  the tnailllon*  tram  bqtc  10  miiII  ccI1> 
(lynijhb(K)Lnf      >  ifja. 

since  it  is  easier  to  find  the  organisms  themselves,  and  then  we  have 
something  certain. 

In  sonic  cases  Maslzclk-n  are  greatly  increased.  In  tuljcrculous 
pleurisy  there  is  a  slight  ensinoplnlia  (2  to  5  percent.),  in  aaUe  pleurisy 
sometimes  a  irne  (of  lo  to  74  per  cent.)  which  means  a  good  prog- 
nosis. 

Tlie  possibility  is  always  present  of  diagnosing  cancer  of  the  pleura 

'See  cspcci.ilty  Miller.  Am.  Med..  November  tl,  ig04. 
•J.  H    H.  Bl.1I.  July.  1903. 
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or  peritoneum  ly  the  cells  of  the  fluid,*  and  espedally  l^  the  small 
mass  sometimes  found  sticking  to  the  end  of  the  needle. 

.Inoscopy  is  the  method  proposed  by  Jonsiet*  for  isolating  the  tubercle  iMcilli 
from  exudates.  The  finids  were  allowed  to  ooagulate  ipontaaeotisljr,  or  a  little 
horse  serum  added  which  produced  this  result.  The  clot  is  digested,  the  resulting 
fluid  centrifugalized,  and  smears  made  and  stained  for  tubercle  bacilli.  The  dot 
will  have  caught  most  of  tlie  organisms.  It  is  first  pressed  oat,  then  torn  into 
fragments  and  mixed  with  a  fluid  consisting  of  pepsin,  i  to  2  gms.,  glycerin,  10  cc; 
HCI  40  per  cent,  15  cc. ;  NaF,  3  gms. ;  water,  1000  cc  Jousset  claimed  that  di- 
gestion took  but  three  or  four  hours.  He  obtained  astonbbingly  good  results,  so  . 
good  that  his  critics  hint  he  mistook  masses  of  haemoglobin  or  hichsin  and  scratches 
on  the  glass,  etc.,  for  tubercle  bacilli  (Koimoczi  and  Jassinger). 

The  fluid  may  be  centrifugalized  while  very  fresh,  or  injected  into  a  gtiinea- 
^g.    We  have  not  had  good  success  with  inoscopy. 

Psilcardiil  FlnM. — This  fluid  normally  is  of  a  lemon-yellow  color, 
slightly  viscid,  and  seems  to  contain  more  fibrin  than  other  phyao- 
logical  fluids.  The  solids  are  from  37.5  to  44.9  gms.  per  litre;  albu- 
min, 22.8  to  24.7;  soluble  salts,  from  8  to  9;  insoluble  salts,  0.15; 
"extractives,  2  per  litre. 

The  fluid  of  a  recent  case  had  a  specific  gravity  of  10304 !  solids,  sS  per  cest ; 
total  proteid,  3.91,  and  globulin  only  15.3  per  cent,  of  this. 

Synovial  Hembraiw. — The  fluid  is  alkaline,  thidc,  stidcy,  viscid,  yel- 
lowish in  color,  cloudy  often  from  the  cell  detritus,  or  clear ;  contains 
albumin,  salts,  and  a  body  which  is  physically  like  mucin,  but  is  not, 
since  no  reducing  body  can  be  split  off.  Neither  is  it  nucleo-albumin. 
Salkowski  lias  given  it  the  name  "  synovin." 

Tlie  Riiid  from  a  recent  case  of  rheumalisni,  and  which  doited  firmly,  had  a 
lota]  proleid  content  of  4.3  per  cent.:  waler-soluble  extractives.  1.07  (ash.  0.606) 
per  cent.:  alcohol -ether- soluble  extractives,  0.076  (ash,  0.046)  per  cent.:  fat  frac- 
tion, 0.3s  P^""  cent. 

Chylous  Fluids.— Fluids  which  are  milky  in  appearance  have  always 
attracte<l  considerable  attention.  Sometimes  a  fluid  may  be  truly  chy- 
lous, in  which  case  from  3.86  to  10.3  per  litre  of  fat  are  often  obtained, 
and  ill  Minkowski's  case  from  17  to  43  per  litre.  Such  fluids  clear 
on  shaking  out  with  ether.  In  other  cases,  however,  the  fluid  docs  not 
contain  nearly  enough  fat  to  explain  the  turbidity.  By  some  lecithin 
is  supposed  to  explain  the  cloudiness,  hut  other  fluids  with  much  lecithin 
are  clear,  and  some  milky  fluids  have  very  little  (Christen).  Others 
consider  that  globulin  explains  it.  or  casein  or  seronuicoid.  The  most 
recent  explanation  is  that  it  is  a  compound  of  globuhn  and  lecithin. 
whether  in  combination  or  not  is  uncertain.  Bemert,  who  examined 
one  case  with  exceeding  care,  sums  the  matter  up  as  follows:    There 
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are  cases  in  which  the  milkiness  is  not  due  to  fat  alone,  but  to  albumin 
of  the  globulin  group  from  which  large  amounts  of  lecithin  can  be 
extracted  by  hot  alcohol.  The  fat  content  is  low,  and  resembles  that 
of  the  so-called  fatty  degeneration  of  the  epithelial  ceils.  Quincke 
first  showetl  that  albumin  also  in  fine  granules  could  give  a  milky  ap- 
pearance. 

The  color  of  such  fluids  is  white  or  yellowish -white,  greenish  or  red- 
dish, opalescent  in  thin  layers.  Some  fluids  become  more  milky  on  cool- 
ing. In  some  cases  a  perfectly  clear  fluid  on  the  first  tapping  becomes 
progressively  more  milky  on  the  subsequent.  On  standing  the  fluid 
will  sometimes  deposit  a  sediment  and  have  a  well-marked  cream  on 
the  surface.  Filtering  or  centrifugalizing  does  not  clear  it.  The  specific 
gravity  varies  from  loio  to  1014.  In  one  case  it  was  1061,  in  another 
1081,  in  which  cases  much  pus  must  have  been  present-  Their  reaction 
is  alkaline.  an<l,  strange  to  say.  there  is  no  odor.  In  the  cases  that  we 
have  examined  this  has  been  a  marked  feature.  They  are  very  resistant 
against  decomposition,  and  the  fluids  could  remain  in  the  laboratory  for 
weeks  without  apparent  change.  The  sediment  is  slight,  consisting  of 
epithelial  cells,  all  degenerated  with  fatty  globules,  and  globules  which 
do  not  take  the  stains  of  fat. 

In  general  there  are  two  classes  o£  cases,— those  very  itiiiky,  the  "  chylous," 
and  the  "chyliform."  which  are  only  very  opalescent.  In  this  case  we  used  the 
terms  only  as  descriptive  without  itnptying  that  chyle  was  or  was  not  present. 

The  former  occur  when  chyle  is  present,  as  in  the  traumatic  cases ;  in  others 
the  tat  may  best  be  explained  by  the  fatly  globules  freed  from  the  fatty  degenerated 
epithelium  cells.  More  eases  it  is  hard  to  explain.  Our  best  case  was  one  of 
tuberculosis  of  the  peritoneum.  In  Tabora's  case  of  peritonitis  carcinomalosa  the 
fat  was  1.2  per  cent,;    sugar,  0.864  per  cent. 

In  our  case  of  markedly  chylous  ascite.s  the  specific  gravity  was  101J.3:  proteid, 
5.114  gms.  per  litre;  globulin,  7J  per  cent,  of  this.  The  fat -c  hole  ster  in -lecithin- 
fraction  1.469  per  cent. 

The  opalescent  fluids  occur  in  a  great  variety  of  conditions,  and  are  often 
found  at  autopsy ;  cachexias,  anccmias,  heart  cases,  etc. :  Naunyn  staled  thai  the 
cause  in  many  cases  is  amyloid  degeneration  of  the  blood-vessels  of  the  serosa. 
The  reason  suggested  for  cases  in  heart-failure  is  the  stasis  in  the  thoracic  duet; 
in  other  cases  stasis  due  to  pressure  of  tumors  on  duct. 

A  chyliform  ascitic  fluid  from  a  case  of  urxmia  had  a  specific  gravity  of  1005,5, 
and  solids  1.2988  per  cent. 

OV.\Rl-^N   CYSTS 

Cou.om  is  not  one  substance,  ihe  name  being  based  on  the  physical  properties  of 
the  contenis  of  various  cysts  and  organs.  They  are  gelatinous,  insoluble  in  water 
and  acetic  acid,  soluble  in  alkali.  From  some  may  be  split  off  a  reducing  body,  but 
their   composition   varies   much. 

PsEt'DOMi'ns-  (Met.m.iu'min) — This  body  occurs  in  many  ovarian  cyst  con- 
tents which  are  very  viscid  and  slimy.  .Mcohol  gives  a  Ibre.idy  prccipilate 
resembling  wooii-piilp,  which  can  be  wound  aroimd  the  rod.  It  i-  not  prci-ipitntcd 
by  heat  nor  bv  acetic  acid.  The  precipitate  formed  hy  alcohol  i=  grnund  fine  under 
alcohol,  and  then  freed  from  -ilcohnl  by  means  of  ether,  and  dis-iolved  in  water. 
Il  is  then  reprccipitated  with  alcobi'i.  -A  lic'it  while  powder  i=  nbtnincd  which  is 
soluble  in  water  to  an  opalescent  mucoid  solution,  which   is   not   well   prccii>itated 
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by  acetic  add.     When  boiled  with  HCl  mi  abundant  reducing  bodjr  is  split  off, 
which  rednces  copper  yay  easily. 

Pakamucin. — This  b  a  substance  present  in  certain  ovarian  cysts,  also  in  the 
ascitic  fluid  providing  the  ovarian  cyst  has  already  ruptured  into  the  abdomen.  It' 
is  firm,  glistening,  with  the  consistency  of  gelatin,  soluble  in  dilute  mineral  aci4 
shrinks  in  acidulated  alcohol,  or  in  alcohol  and  ether,  and  can  be  reduced  to  i 
fine  white  powder.  Its  characteristics  are,  its  insolnbility  in  water,  the  fact  that  it 
swells  in  alkali  dissolving  in  excess,  is  precipitated  by  acetic  acid  and  soluble  in 
excess,  and,  especially,  it  will  reduce  sxipptr  salts  without  prelinrinary  boiling  wiib 
acid. 

3«roiia  cjnm  (dilatation  of  Graafian  follicles)  contain  a  perfectly 

clear  serous  fluid,  watery,  which  foams  easily,  is  of  amber  color,  of  a 


Flc  114'— Fattr  acid  crystals  frnin  the  canlenis  ol  sn  omrian  cyit.     X  «go. 

specific  gravity  from  1005  to  1022  (usually  1005  to  1014).  with  solids 
from  10  to  40  per  litre  and  all  the  other  constituents  of  serous  Huids. 

In  two  recent  cases  the  specific  gravity  was  1022  in  one  case.  1016 
in  another;  they  contained  a  great  deal  of  aihuinin.  Heat  alone  caused 
but  a  faint  cloud,  but  one  drop  of  acid  made  the  fluid  perfectly  solid. 
Both  serum  globulin  and  serum  albimiin  were  jiresent :  in  these  little 
or  no  euglobulin. 

Proliferating  Cysta  from  Pfhiger's  Tabules. — The  contents  nf  these 
are  various.  Some  contain  "  colloid."  and  on  Ixiiling  with  acid  give  a 
reducing  body.    From  the  colloid  ovarian  cysts  the  fattv  crystals  ( solu- 
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ble  on  warming)   may  be  watched  to  crystallize  out  singly  and  in 
rosettes  (see  Fig.  124). 

Another  group  of  cysts  contain  a  viscid  fluid,  very  stringy,  which 
varies  much  in  consistency  according  to  the  amount  of  serous  fluid 
present.     It  is  of  a  brownish  or  dark  greenish-brown  color. 

The  specific  gravity  of  the  contents  in  three  recent  cases  was  1025  to  1030,2; 
the  solids  were  g.7  and  g.3  per  cent. ;   the  alcohol  precipitate,  6.9  and  8.5  per  cent. 

Some,  however,  contain  a  thin  watery  fluid,  of  a  bluish-white  opal- 
escent color  which  may,  however,  be  yellowish,  yellowish-brown,  or 
greenish,  according  to  the  amount  of  blood  present. 

We  give  a  few  examples  of  Ihe  contents  of  such  cysts  which  we  have  recently 
seen. 

1.  Fluid  quite  opalescent;  specific  gravity.  1004.3;  solids,  2.837  per  cent.  Alco- 
hol precipitate  1.98  per  cent,  resembles  macerated  filter  paper,  is  not  stringy,  can 
be  reduced  to  a  fine  white  powder,  difficuliiy  soluble  in  water  to  an  opalescent 
fluid.  Watery  extractives  0.524  (ash,  0.388)  per  cent.  Alcohol-ether  soluble  ex- 
tractives, 0.2056  (ash,  0.108)  per  cent.;    fat,  cliolesterin,  etc.,  0.96  per  cent. 

2.  Fluid   reddish-yellow,   considerable   sediment   of   small   epithelial   and   some 
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Fig.  115.— Cholmerin  crystals.    X  *oo. 

large  epithelial  cell.s  with  coarse  refraetile  granules;    fillers  clear.     Specific  gravity, 
1008.04;    solids,  2,32  per  cent.     Alcohol  precipitate  similar  to  above. 
3.  Bluish  opalescence ;    specific  graviiy,  1007.3. 

Of  some  of  the  mulltlocular  cysts  the  contents  are  thick,  not  espe- 
cially viscid,  but  a  sus]>ension  of  glistening  masses  of  cliolesterin  crys- 
tals and  of  a  yellow-red  or  Ijrown  color,  depending  on  the  blood  pig- 
ment. 

Of  a  recent  case  the  figures  were,  specific  gravity,  1025,9,  The  alcohol  precipi- 
tate. 10.56  per  cent,,  contained  no  reducing  body.  Half  saturation  of  the  original 
filtered  fluid  with  (NHi):SO.  gave  a  precipit.ite  o,6g2  per  cent,  (globulin?)  ;  albu- 
min? 0.604  per  cent.  F.xlractivcs,  .soluble  in  water.  1,46  (ash.  0.266)  per  cent.; 
alcohol-soluble  extractives,  0.56  (ash.  0.44)  per  cent.  Microscopically  a  great 
amount  of  detritus  in  (he  sediment,  with  very  large  cells  (epithelial)  full  of 
glistening  granule-,  cholestcrin  cry-tals,  and   fat   needle;. 

In  another  similar  ca.se  the  specific  gravity  of  Ibc  fluid  was  [030.6. 

The  sediments  contain  much  detritus,  red  blood-cells,  leucocytes, 
large  epithelial  cells,  single  and  in  groups,  filled  with  granules  like  fat, 

40 
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large  masses  of  fatty  granules,  choiesterin  crystals,  and  colloid  gran- 
ules which  are  large,  drcular,  strongly  refractive  bodies. 

In  the  caae  of  a  dcmraid,  the  contents  of  which  contained  mnch  parannidi^ 
■emm  globulin  and  albumin  coutd  also  be  demonstrated.  Water  content  of  the 
jelly,  9Z3  per  cent.  The  alcohol  precipitate  in  one  case  was  3.3  per  cent.  Water- 
soluble  extractive*,  04  (aah.  o^)  P^  «i>L  Alcohol-ether  extractive!,  0.35  (ash, 
0.16)  per  cent 

Tnbo-ovaiian  Q«t«.— The  contents  of  these  are  watery,  thin,  serous, 
and  a>ntain  no  psendcxnucin. 

ParoTCiiui  CjwtM. — These  contain  a  thin  watery  fluid  of  a  very  pale 
yellow  or  colorless  or  slightly  opalescent  appearance.    Specific  gravi^. 


Fin.  116.— 5oH[unibiurale  cn'iUls  IromBtophui.    X  too. 


1002  to  1009;  solids  from  10  to  20  per  litre;  no  pseudomucin.  Albu- 
min may  fail  entirely  or  be  only  slight  in  amount.  It  consists,  tliere- 
fore,  of  water  and  extractives. 

In  a  recent  case,  age  twenty  years,  the  cyst  contained  about  2  litres  of  very 
clear  watery  fluid  with  very  slight  opalescence;  specific  gravity,  1007.8;  only  the 
fainlesc  precipitate  with  alcohol  or  ammonium  sulphate ;  chlorides.  0.45  per  cent 
(as  NaCI).  Microscopically  there  were  very  few  epithelial  cells,  round,  granular, 
with  a  round  nucleus. 

Intraligamentous  Cysto.— The  contents  of  these  are  yellow,  yellowish- 
green,  or  brownish.  They  contain  little  or  no  pseudomucin ;  specific 
gravity,  1032  to  1036;  solids,  90  to  100  per  litre,  and  the  proteids  of 
the  bloof!  plasma. 

Hydrocele — The  contents  are  of  a  high  color,  clear  or  dark  yellow, 
or  greenish;  specific  gravity,  1014  to  1026;  the  solids  on  an  average 
of  60  per  litre.  The  fluid  sometimes  coagulates  spontaneously.  Leu- 
cocytes are  always  present,  sometimes  choiesterin  crystals. 

For  ilhutration.  in  one  case  the  specific  gravity  was  1014.7:  solids.  6,329  per 
cent.:    total  albumin,  s.92  per  cent.,  of  which  45  per  cent,   was  globulin:    water- 
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soluble  extractives,  a7504  (ash,  0,462)  per  ci-nt, ;    alcohol-ether  extractives,  0.452 
(ash,  ai7^)  per  cent ;    fat  fraction,  o  1864  per  cent 

Spermatocele. — The  fluid  of  this  is  colorless,  watery,  slightly 
milky;  specific  gravity,  1006  to  loio;  average  solids,  13  per  litre;  the 
proteid  content  slight,  and  contains  cell  detritus,  fat  granules,  and 
spermatozoa. 

Tophus. — The  tophi  of  gout,  so  important  in  diagnosis,  can  only 
be  distinguished  from  small  sebaceous  cysts,  small  cartilaginous  tu- 
mors, etc.,  by  the  microscopic  examination  of  their  contents.  A  little  is 
mixed  with  water  and  found  to  be  an  amorphous  paste,  with  a  great 
many  needles  of  sodium  biurate.  (See  Fig.  126.)  An  amorphous 
sebaceous  matter  with  many  fatty  and  cliolesterin  crystals  is  found 
in  sebaceous  cysts. 

Tlie  masses  of  urea  crystals,  the  "  urea  frost,"  which  appear  on 
the  skin  of  the  face  in  rare  cases  of  nephritis  just  before  death  (there 
have  been  but  five  cases  in  this  clinic)  may  be  tested  by  the  method 
given  on  page  109.  This  is  a  most  interesting  phenomenon;  the  cir- 
culation in  the  skin  when  it  occurs  is  so  poor  that  it  is  very  hard  to 
believe  the  source  is  immediately  the  blood. 


INDEX 


Ab>c«a*,  leuoofjtisi  in.  49S 

ul'  kiiloej.  blwHl  in.  tVb 

lit  livpt.  bliKHl  in.  !»'H 
fpuluiu  in.  TA 

of  luD){,  leucoejIcB  in,  JUS 
sputum  in.  74 
Abi^lute  amimnt  »f    lU'l  in 

jMtric  jui™.  SIB 
AtHurpti<tn  power 'if  atuumch. 

334 
AcciiUntni  nlbuminurin.  Z1H 
A»tuDe  in  (he  oiint.  \!i'i 
Acholic  Xciola,  3o«,  :illO 
AcbyliA  Kii£tric8,  iH3 
Aciil,  iiltuxj'priiti^inir,  1211 

obry^opbanic,  Vb 

•liacelic.  In  uriac,  IHA 

fenuenn,  IM 

glyauronii-,  19^ 

bippurii-,  240 

homogeDtipiaio.  Iti? 

bjilruobluri.-.  121.  :il3 

iBclic,  .127.  34H.  HIZ 

nitric,  13& 

nitruut,  136 

uxatlc.  in  urine,  21i 

ory  butyric.  187 

uxyprutetnir,  r2U 

phuephurir,  \2b 

filiw.  13S 

nulphoovunic,  t36 

rulpburii-.  1-30 

thiopulphuric,  1 35 

uric,  IIIU 

urultfuci  nic,  IV7 

vsiue-,  3A3 
Acid' fart  bflcteriH.  5t 
Acidity  nl  KO'triv  juice.  313 

uf  urine.  BS  ;  del*rniip«. 
tion  of.  gu 

orxiiDic,  in  Kn^trii-  juice, 
331) 

tutitl.  of  f-islric  Juice,  313 

valuRi,  3fi3 
Acidophilic  cellp,  44:^ 

leucHOyi™,  4flH 
Aciilof^i^  of  liiAbetcp,  103 
Acidi-,  bile,  in  >iuul,  380 
In  urine.  150 

fatty  cryPlalii,  injpulum, 
31,  33 

inorf^anic.  of  urine,  121 
Aar'iinegaly,  bluud  in.  ilb 
Actirinmycf^Hii    of  lun;^.  iipii- 

tuu  in.  42 
A-TUle  articular   rhenml<ti^nl. 
blu<xl  in.  571 

bronchi  I  in.  R5 

liilTui'B     nephritifl,     urine 
in,  2H1 

ill'WeK,  bbiod  in.  bb6 

lohnr     pnciinioEiiii.    iipn- 
tum  of,  56 

luetic  nephritii,  urine  id, 
!S3 


Acute     miliary     luberi^ulosi;, 
bliwd  In,  i»04  ;  xputuia 
in.  4n 
nephritis,  urine  in,  281 
Ubpliritia  ofchoLerii,  urine 

in,  2S3 
puretLcikymatous   nephri- 
tic. 281 
pneuinunic    tubarculoi^ip, 

40 
yellow  ntropby   uf  liver, 
bliioil  in.  58!i 
AdillHon'i   dixeiue,   bluud   in. 

Sfl.i.  587 
Adenin.  115 
Aderiitij'.    tubercutoun,    blooil 

in,  551 
.\iliile4E-eiK'e.  albuminuria  'if. 

218.  2m.  2:C2 
Ailrcuiklc.      tulierculiiais      of, 

lil'>ol  in.  505.  587 
.£-tiijii  -  Autumnal     lualnriii. 

pariL^itc  of.  jV5.  1^02 
Age,    cITcct   of.    vn   ciiunt   uf 

rnl*.  450 
Ajcgluti  nation       phenimiena, 

43fl 
Agimal  loucucyt'ni!,  4U7 
Air  in  jiputum.  22 
Albumin,  cnlcull  uf,  27Z 

itctcriiLinatictn  of,  in  body 

fluids.  010 
in  nluolo,  .307 
i^uotient.  207 
Merum.  207 
tetftH  in  urine.  IBS 
to  rcUKivefrtiiu  urine.  2(17 
.Albuuiinou,*  expet-toniti'in.  77 
A I  bum  in  II  rin,  20T 
■  i->'iil>'Uti>l.  218 
nil'.luJC.-.icc.  218,  21M.  222 
after  baths.  217 
aliinunlnrj,  217.  2211 
iLUJi'iuiH  line  to.  524 
eyi-li.'.  218.  220 
line  to   Itriiiht'e   ili:<caia, 

224 
iluc   i'>  delinite  renal  le- 

■ion.  224 
■luc  to  pnlpiLtiuu  of  kid- 
ney. 223 
eiucnliol.  218 
fiilst'.  214 
febrile.  223.  280 
I'uiii-rioiiHl.  215 
hiiMiiiitiik!i-nuik?i.  223 
bcniiilHry,  222 
hv}Mi[iIatie.  222 
intermittent.  218.  222 
li.eliiS  225.  283 
iiiiniiioi.  222 
iiervnu-,  224 
of  o]i|,iLri-n|]v    healthy. 

218 
of  iliiibi'tc.'.   194 
uf  iiilH.r.  218 
of  unwturbntori,  21B 


Albuminuria  of  new-born.  21 
uf  puberty,  218 

ortliu^'tiitir.  218.  220 

orthotic,  218 

phy^iologi>.-a],  218 

puct-infet^tioua,  222 

pii-tural.  218,  220 

KtriicturHl.  215 

trauiuntit;,  223 

true,  214 

ttithimt  definite  renal  le- 
sion. 214 
Albuiuinurie  cicatricielle.  222 

piiriusellaire,  222 

pho?iphaturii|ue.  222 

prii)CouEteuiie.  222 

rf'-iilualB.  222 
Alliuin'i^uria.  225,  237 

aliiiicnt^iry.  22t) 

enten>genou:(.  22tf 

febrile.  22B 

hjeuiittugenoun.  22B 

hepatogeoou!-,  22B 

mye!'>p!«thi,i.  225 

pyogenic,  22B 
.A  liioi-ntury  albuminuria,  217, 
22B 

a  I  bum  OHO  rill.  220 

chloruria,  301 

levulo-iuria.  178 
Alkaline  liilc.  U7 
Alkalinity  of  blixHl.  510 
-AlKnptiinuriii,  iUO 
Allnntiiin.  013 
Allciimrii'  1);l'c-.  114 
A I  loxy  proteinic  aciil,  120 
Almi''n  »  tent  for  gluooac.  IBS 
Aloiu  tell.  305 
Alliliiile.  eftoct  of.    on  count 

of  reil'.  452 
Al%-e<iltr    cjiilhelial    eell.i   in 

»putum.  27 
Alviu|iliii>mi,'  Ivmphumatosia. 

'500 
AmiUL^nia  in  giutrie  oontcnta. 
330 

ill  urine.  115 
Amiiiooium  biuralo.  23B 

in:ignef(iiim  pbo'pbate,  241 
Am  ebn  eoli,  372 

initio,  if 73 

pillmoiiulii'.  43 

v-ulg^riji,  374 

Ainii-bic   ilvneoti-rv.    nuwinia 

due  to.  523 

•  I-uili  ill.  300 

Amount.  iiliHolute.  of  llrl  in 

g.i'trii- juii-e.  310 

of  :<]iuliirn.  18 

of  urine.  >*'■'• 
A  my  loll  J  kidney,  urine  in.  2^i> 
Anaoriia.  51;i 

I'lilnrotii-,  515 

,^<>TtHninplive.   51,i 

line  Ti.  iiculcipiitrili".  523 

itiie  to  ni'iile  bemurrhage, 
.^IT 
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Anamla,  du  to  aMita  infe»- 
tloin,SX3 
d»  to  mibnmiiiDria,  tU 
du  to  smcBbio  ijitaitrj, 

doe  to  iMd  ^r,  SIS 

das  to  bkiod  p^wmi,  ftlO, 

6K 
daa  to  Bothriooaphaliu  Is- 

tni,  SSS 
dn«  lo  ahronln  nalritU, 

dno   to   ehronla  hamor- 

TbMge,  Sia 
do*  to  ohnwie  lofceltoa* 

dlnuM,  a2S 
dna  lo  o<Ml-t>T  prodnot*. 

tir 

du  to  ODQltipktiOD,  fiS3 
dutu  dlurtuB^  G3S 
do*   to  dilM«d  itomub, 

an 

dm  to  d}Matai7,  til 
dna  to  ijifopt^  6X3 
dija  to  fanr,  634 
doe   to  -gMtro-lDt«rt[iu] 

diMnlen,  ttl 
doa  to   isunlnkl   pkn- 

llttisSU 
dn*  to  Ikok  of  iBnlight, 

MS 
daa  to  1««1,  bit 
daa  to  poimn,  BU 
dna  lo  poor  (bod,  &31 
du   to    pna    tbrmation, 

AH 
dne  to  Stronnloidaa  In- 

taatiokiii,  Ni 
dna  to  aloontiTs  colitii, 

doe  to  unolnHluU,  SU 
dae  to  yellow  rticr,  SU 

hypnpL&.<lic,  51& 

of  children,  572 

of  gruwtb.  572 

or  Ihf?  |>uor,  51E1 

of  Iho  Tnipkd.  S23 

primnry  priDiciuui,  515, 

527 
p?eudoluuk«eiuiL-u   infan- 
tum, 57:i 
BocondAry,  515 
eiiiiplv  priitijiry,  527 
vpltiDir.  527 
AnittDic  de^'Dcrutiitnof  ccIEm, 

445 
ADOgL^oufliiriiL,  304 
AncBBIral  corpuaelcK.  483 
Angioneurotic       hitiuuturiu, 

231 
AnguilluEii  nceti  ia  urint,  27A 
iMlc-^ttniiEJH,  'iSb 
vtfrrcoTaJi*.  3S5 
AoiiDiv^  gum.  183 

pnriL-ilefl  in  ^putuiii^  43 
in  KtiHilB.  J72 
io  udiie,  274 
AnhyloA({>Lumii       duo'ienalt. 

SSI 
AniipiiolL'H  in(>p<qni(o,  5fifl 
AntlirJii^oi"!*,  21,  81 
Aiiiiriit.  .SG 
A]ipc»rhinqc,  ^oncntl.  of  urine. 

82 
Appcnilicitis.  Iiluiril  in,  571 
ArAbinujii.- ill  urine,  ISil 
Anenis  in  urine,  138 


AltatioMloTOiij    of    kidaa;, 

nrlaa  in,  IBS 
Arthritii  dalbmuia,  blood  ia. 

Ml 
Arthu   Kod  Habor   tuthod 

(trypiia),  3M 
Anaria  iBmbrisoida,  STB 

tuu>,3T8 
Aaoltla  Bald,  oytodlBgno^  of, 

Aaaptie  ooaditlon  of  atonuch, 

310 
AilkUo  ehtdan.  ilooli  in,  3tH) 
Aiporglllni  SaiTiu,  SS 

fnmlgntBitaipatnm,  39 

aiger,  39 

■abfuooa,  39 
Airimltotlao  limit  for  innn, 

1ST 
Ajtbmn,  blood  in,  9T1 

•oainopbllla  in,  501 

apntnm  of,  01 
Atonj  of  itoinMh,  335 
Atrophr,    aauM     j  el  low.    of 
hver,  blood  In,  58S 

of  muooM,  343 

ranal,  28B 
Aiolnrrhge*,  3ST 

B 

BMrillni  baaa»lla  mniimua,  311 
KanlTmana'a,  in  gaatria 

Jnloa,  350 
of  in  A  nan  ta,  50 

tabatuDlosli,  40 
Saotnia,  aoid-faat,  51 

in  ipnlum,  35 

in  Monuob,  333 

iDitoDla,  Sifl 

la  nrioa,  ST3 
Baeteriolojjj  of  blood,  434 
BiilBnti[|iuin  coli,  377 
Bai<4j'^,  nlloxtiric,  114 

inori^anic,  in  urine,  121 

iLuuiein.  i14 

'ifgAMtriu  Juico,  330 

puriu.  114 

xanlhin,  111 
Basophile    gran  ales    in    red 
oe\U.  447 
it(  Icuropytcw,  470 
Itasopliilia,  444 
Bathfl,    Album  inuria     follow- 
ing. 217 

effect  cif,   on   red   count, 
45,1 
Bcnce-Jonce'B  body,  225 
Binl'B  tCMt  fur  pcnt'L^a,  181 
Bile  lioid?  in  ^tui,!^,  3fl0 

in  UTiutf.  150 

in  voiuititi,  309 

pigincnts  in  urine  144 

-stained  ?ipntum,  20 

tcstH  f»r  in  urine,  146 

til  remote  from  urine,  140 
UilharEia  eeipi  in  urine,  275 
IlilifuBein.  114.  145 
Bili]ira-«in.  141,  145 
Bilirubin  in  pl<tolFi.  35U 

in  nriiic,  114,  140 

ill  urine  r<e.liincpt,  24A 
Bilivcr.lin,  114.  145 
BiHuiutta    crvslsb    In    Jtools, 

3BH 
Biurate  of  nmmnnia.  230 
Biuntte.-!.  Ill 


Blarat  tmt.  m 
BUoh  Drinaa,  H 
Blukwaler  farn,  KI 
BladdoT  atonaa,  ITO 
Blood,  3V1 

alkaliait)>  of,  MB 
iiaatmioiogj  of,  4H 
diamieal  teaU  for,  133 
onmiDMioB,   vbIiw   li, 

&S8 
fnaiing  polat  at,  SM 
tnmli,  itDiIj  oC  3U,  3H 
tBabaoeaac^lWar,  5M 
Id  acromagal*,  S'5 
ia  aoata  aitlrailBi  rbaa- 

mkUatii,  STI 
in  Bonta  djaaaaaa,  554 
In  aoata  j eUa«  atnphj, 

5B8 
laAddiaoD'adlaaaaa,)!!, 

68T 
in  vpandloitia,  STI 
Id    araritia 

571 

in  bnmeblal  *-"■—,  (Tl 
In       bronahoBDMUMaiL 

570 
in  csBoor,  5TI 
DfbraMC,»T« 
of  intaatinai,  tSl 
ot  aaaphaga*,  Ut 
of  laotum,  581 
of  atamaok,  Hit 
of  taatlol^  581 
in  aatanhal  laondiaa,  M 
in  oboluBitla,  fiM 
in  obol«e;atitbi,  SSI 
in  ohoraa,  ST4 
in  obronlo  dlaaaaaa,  174 
in    obroaio    Mpttaawa. 

in  eirrhosi*  ofliTer,  581 

in    lieprisiiTe     insanity. 

575 
in  diabetes  meltitua,  57? 
in  dipblberis,  561 
in  diaeivie-i  of  liver,  58fi 
in  giilKlone  colic.  586 
in  i^en^'ral  p4rtf.-<i?i.  574 
in  IJcnnan  lucJi^lee,  560 
in  beart  di^eruie,  537 
in  lepnwy.  587 
in  laes.  5HI 

in  luefl,  congenital,  573 
in  malaria.  556 
in  inalignanl  ilieeaw,  573 
in  ineafllea,  bCtO 
in  myxiedema,  583 
in  nephritic.  NM 
in  nervous  dl^en^es,  574 
Id  pneumonia.  567 
in  renal  disouea.  584 
aculo  nephriliB,  534 
bilateral  cystic    kid- 
ney, 586 
chrnni^Dophritis,  585 
in  rieketB,  574 
in  Barriiina,  581 
in  tocarli:!  f^-ror,  561 
in  scurvy.  533 
in  acptiira.'miH,  550 
in  Hiuallpos,  5AI 
in  sunitner<1iHrihaw<,5T4 
in  loiic  jaundlee.  5^6 
in  tuberciilnr*ift,  502 
acute  miliary.  564 
of  adreoala.  5S5 
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lllaod,     in      tnbcrculoBia      of 
buDTfl  And  JoLntj*.  b65 
uf  iateritJDe?^,  i6b 
of  lupgs,  66.1 
urmenia^es,  506 
of  peritiineuiD,  50^ 
rennl.  606 
in  tjphDi^l  fev«r,  565 
ia  typhuti  fever,  &0O 
reiLclLOQ  of.  b06 
rod  eel  Ik  uf.  :t9j.  441 
tesl8  for  Aliii^nV,  2M 

hatiiiiD,  2^4 
lleller'B.  2.l:i 

Bp«ctroK'tpic,  236 
TeichinuDD'H.  234 
Blooil-oftj'ls.  2fln 
Blood-pvllfl  ill  >^1rii^  contvnifl 
of  ciin<:cr  of  Blomncbf 
:i51 
in  gontrh' juice,  S33 
in  apuTuin,  20 
in  Btoolii^  ^fH 
in  urine.  230 
iu  v^amiiufl.  Iin9 
Btof>i-clnU  in  stomach,  351 
Blood-criaej.  47M,  632,  S34 
Uooil-oullurH.  4^4 
Blooil-piiLCi^leU,  604 
Blood'Biiienra.  418 
DtiKnlJhiiDinK.  ■t2S 
Blue,  inili^u.  140 

urinefl,  94 
Sou  bncilius  (flpplcr).  361) 
evenini;  mv»y,  336 
inesl(free  lactic  aciil),  :<ZH 
iiieth'Kl  (laclic  acid),  32ti 
Bodim.    fiireiitn,    in  Kputuiii, 

26 
Bone  marron,  477 

ilL'eK.-'eB    »f.   eosino- 
philinin.  60O 
Buae-<,  tuberculosis  uf,  btouil 

in.  61(6 
Buthriwepbatim  latiu,  .tRH 

ciiiLie  nf  amciuia,  626 
Bound  iin.  3IT 
Braiiyurin.  1U6 
BnindenburK*<  methrMl  (alks- 

linilv  of  blond).  511 
Brtakfafl.  tc't.  311 
Breast,   cnnuet  of.  blood  in, 

679 
Brenier'!!  bl»iHl  te^t,  6TA 
Brigbt*B  iliAi^u'e,  alhuminuria 
of.  224.  27U 
blood  in.  aK4 
Bltxlie-Kua^cll  uua^ulumeter. 

431 
BroDcbikl   uj-thma,  bluod   in, 
601.  671 
cAterrb.denfjuituiativt.  115 
oulic.  211 
Broni'biectHxiii,  71 

hemorrhaf^e  in,  72 
Bmnchiulilbii.  2.'i 
Bronchi  tin.  acure.  06 
CHpiMarj,  M7 
chronic.  67 
crfiiifriiuH.  711 
Cfk^iniijdiilejt  in,  27 
feliil.  m 
hbriUJiuP,  70 
pliMic^  70 
Broil  cholileDorrhiFH,  00 


BroDchopneaniaDi»,  blood  in, 
570 

iputum  of.  6B 

lubflTculoufl.  Bputuraof,47 
Brancborrbiea,  09 

humidutn.  0'J 

sernsA,  09 
Buentii    loaxiisus,   bacillui, 

30 
Butyric  oiy-ocid  io  urine,  18T 


Cachmia,   effect    of,    on    red 

count,  463 
Calcium  carbunBtc  MdimenlM, 
242 
of  urine.  130 
oxalate   crfstaU  iu   spu 

turn,  34 
pbuapliaru  pediments,  242 

III  inc.  271 
Bulphate  iifuliuieotn.  246 
nnte  sciliiiieaL-i,  240 
f'ralculoria,  pdcuduphLliisi?*,  25 
I'alcnliiij,  rennl.  270.  2111 

leucocvtej  in,  4H5 
ureteral.  291 
Cancer  rragiiivntii   in  (^satric 
juice.  360 
in  urine,  2HH 
of  breu"!.  bUH>d  in,  670 
of    intwiiuoj,   blipod    in. 

6HI 
of  kidney,  urine  in,  289 
of  luu;;.  ,'<putuin  i>f.  HO 
of  it^ipbdxud,   blood  in. 

MO 
of  rectum.  bl'>0'1  in,  6111 

ptouU  ill.  31^1 
of  JsIauiHoli,  bhxul  in,  679 
bluiHl  in  Ffrtxlrio  con- 
tent', 361 
AaKcliuleH  in.  362 
gaatriojuice  in,  340 
of  tcflticlc.  blood  in.  6SI 
Capillnry  broncliitiM,  07 
CiirboliydrAtes  in  Atoolt^  ^107 
in  urine,  feruienlablc,  167 
unrcnnenlttble, 
ton,  190 
Carbid-tbionin  siuin.  420 
("nrboniKeH  in  Beiiiuicnl:',  241 

in  uririf'.  136 
t^nrbiin-nionoxiile    poij^iininM. 
etfft'l  "f,  "n  rcil  ci'iinl.  464 
<^aniiac  dixcjuc,  b]iH>d  in,  587 
Carnin.  114 
Caita,  26H 

bloo<l.  20(1 
ebenii.'trv  uf.  204 
I'otloid.  200 
01  ini billed,  202 
diiiirno:<lic  importance  of. 

304 
v]iitbclial.  26S 
fiUt.v,  iyj 

0brinoiE->,  in  I'puluui,  24 
(rloB-iy,  2011 
l^ranuljir.  'I'M 
b.vHiiui'.  20" 
of  iiiitnid'  ill  MputuiJi,  24 
ttri^iii  '>f.  203 
liri'-«tiilic.  27K 
pu^  :'0I> 
Kiic  of.  202 
ii1ainin|[.  20S 


CwU.  I«gl<cular,  367 

urate,  202 
ttnuy,  259 
Catarrh,      deaquoniatiTS,     of 
bowel,  370 
deaquainaturj,  broncbial, 

06 
dr.v,  68 
fee,  08 
CaCarrhnl  Jaunilice,  bI4od  in, 
680 
pneumonia,       depquama- 
torj,  28 
Cavity  formation  in  tubereu- 

tosii,  64 
Cell;,  epithelial,  in  pn»tatio 
fluid.  277 
in    urine    aedlinent, 
266 
Centrifu)^,  qusnlilatiiB    de- 
termination of  albumin.  2O0 
Cercomui>iu|g  in  fputum,  43 

in  urine,  274 
Cercunuinaa  voli.  375 
hominia.  377 
inledlinalia.  375 
Cerebro:ipinal  fluid,  014 

meningitis,  (euoocjtes  in, 
492 
Ceatodes,  380 
Chaliuaxi^  21.  81 
Character  of  sputum,  10 
OharaoteriaUcii    of    urine    in 

general,  82 
<-hBroot-Leyilvn     eryntali    in 
biDDil,  647 
in  nputum.  .34,  04 
in  iituolB.  300 
CbemUtry  of  ciinti-.  264 
Chibl.  eoiiiniiphilia  at.  600 
Children,  anHMnia  of,  672 

sputum  lit.  18 
t-hloride  excretion  in  urine, 

121 
Cbloroina,  21 
Chlonisiri,  539 
Chlonitic  nna'iiiin.  615 
Chloruria,  alimentary.  301 
Cholnnifiris.  blooil  iq.  580 
Cbolecyunin.  144.  146 

te*l  for  bile.  Ktukvis  148 
Cholefyrttiti.s  blood  in,  680 
CholcrH,    aculo  nophritia    of, 
283 
leucocyliw  in.  493 
Cholera  infantum,  blond   id, 

574 
Chole^tcrin  in  npuluni,  34 
in  fIouIh,  309 
in  urine  sediment,  247 
nHilealiTinuriii.  247 
Cholcteliii.  144,  I4« 
Cholin.  010 
Chorea,  bloo-i  in,  674 
CliTomogcnj4,  ci>ior  due  111,  21, 

36 
Chronic  brimi-bitiH.  07 

diKea-'4H.  Ill I  in.  674 

ffn-rrifii.  :E-t] 

in(cr>(Llial      pncutiioniA, 

j'|>utiiiii  nf.  69 
ncphriti-i.  2m 
|ui-^ivc      i-oii^i*sl]Em      of 
liiiJir.   apuliiiii   uf,    79  ; 
urine  in,  2H0 
ulcrriiEiie      tiiiiercnloiia, 
hpuliiin  in.  47 
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Chirsopbanls  acid  in  ■rinet 

Chjiow  Bnid*.  fill 
Cb;li>rb,U3 

ClntrMiU*  klbnmiDnrhi,  £9 
(SDUBDomonu  haminit,  STft 
Oniuaii  of  Itrar,  blood  In, 

iW 
CIv-ealoTad  itoota,  368, 100 
ClauiDE  glMi,  393 
Clota,  bloM,  Id  gMtiie  Jnioe, 

Cloud;   iwalllng  of  kldnsj, 

urine  in,  ISO 
OduiiIb  of  klbnmlD  in  itoola, 

of  Ibrln  In  ■pBtom,  34 
OoualUloD  of  blood,  430 
Coal  pipnoDt  in  ipntDm,  !1, 

Co^-tsr    prodncti,     anamU 

du  to,  117 
Co«aai«it  of  Wittr,  8V 
CdUb,  bronohlal,  IS 
Colioa  mnoca*,  3M 
Colltii,  -Tf—i^  duo  to,  &13 
Collwtion  of  oriaa,  S3 
CoUold  omU,  S«S 
Color  indax  of  blood,  U» 
ottf  atom,  \9 
of  itooli,  SIS 
of  DriDOfSS 

dno  to  modldnei,  M 
Conu,  dUbatle,  1*3 

looooejtM  In,  4IIB 
Coabisod  omU,  M3 
Consrotioni,  ITO 

■eid  oaldoin  pboiplwta, 

171 
albumin,  IT! 
ammooiain  tmio,  370 
old  am  oarbonate,  STl 

oxalate,  271 
i?j&(m,  271 
fnlty,  272 
in  bowel,  371 
inilij^i,  272 
phosphate,  371 
renal,  270 

table  fur  dfteption  of.  272 
triple  )]hosphftl«,  271 
urio  acid.  27fl 
vwicnl,  270 
innthin,  271 
CoLdunivilj,  eleolricnl,  2ltU 
C'un^cnitnl  cynlio  kidDi'y.  28U 
heart    disease,    effect  of, 
OD  riHl  count,  4!V4 
C'ln^estiun,   chronic  passive, 
of  lutkg,  7U 
urine  in,  2^0 
Consistency  of  >putuni,  19 

ofntiiolB,  3ia 
Constipation,  167 

atijtmin  rluu  to,  523 
latent.  354 
Constitaentd  of  normal  £tE>oId. 

3jB 
ConT<umpti\'c  nnfeniia,  515 
Cnnlenla  of  slomitch,   exami- 
nation, of.  3(m 
Continuous  secretion,  338 
Corpora  nmvlncoa  in  iiruatatic 

Buid,  277^  278 
Cou}^b,  whoopin];,  jBpntuni  cjf, 

01 
Counting  red  cells,  404 


Oraatlnin,  119 
CronaMd  rod  oolli,  399 
CroMwntlo  bodiaa  lo  rod  MU*. 

m 

CriHi,  blood,  4T9,  S31,  tU 
Cronpow  bronsbiti*,  ipntam 
in,  TO 
pnanntmia,  blood  In,  547 
qiDtiuii  of,  bi 
CrjoMop;  of  orine,  19S 

of  blood,  19S 
Ciratali,  Cbareot-Lardeu,  in 
blood,  MT 

In  ■pntam,  34 
in  RtooU,  M7 
fUn  aold,  in  ■pntnm,  31, 

In  gaitrio  JnioB,  331 

in  ipatnm,  S3 

In  lUnla,  306 

noltlug    point,  dot«^l- 

natioB  of,  IM 
■permtn,      in      pnatBtts 
Anid,  278 
Cnltorea  of  bltmd,  434 
Cnrdi  in  atooli,  307 
CnrMhmann'a  tpirala,  33,  62 
Cjanoaia,    oBeot    of,  on    red 

caaDt,454 
Cyolio  altaumiaarla,  218,  ISO 
C^lludriiial  epithelial  «lli  in 
■putnm,  37 
spitbatium  io  >toaI>,  SS8 
Cjltndroida,  201 
Cylindmria,  365 
Cyitta     kidney,    oongsnital, 

orine  in,  189 
CTitin  In  nrine,  ItiO 

rtonea,  171 
Cjltinuriik  250 
Cjita,   eohlnooosooi,  in   ipn- 

tnm,  30 
C^todiaiinosis  ofaseitic  fluid, 

of  cerebrospinal  fluid,  01S 
of  pleural  fluid,  820 

D 

Dahlia  stain,  426 

Dare's  alkalinorneter.  510 

hionioglobinoinelcrH  402 
1>DV  and  night  urine,  ti4 
ticcn's  test.  334 
Deiioit  of  IICI,  317 
saturation.  317 
Degeneration,  amyloid,  urioe 
in.  2140 

anieiuir.   of   reil   corpus. 
pIk",  44& 
Degenerations  of    rcl    cells, 

3e;i.  4O0 
Delayed  urea  excretion,  BOO 
Desi|uamativ~e    nephritis, 

urine  in,  2KI 
DcsquJiinatory    bronchial    ca- 
tarrh, n5 
catarrhnl  pneumonia,  2hS 
Deutero-albuiuoBurin,  227 
Diabetes  insipiflus,  104 
mellilus,  ISU 

blood  in,  57^ 
Diabetic  coma,  I'Jl 

leuiropvtcH  in,  405 
liiacetic  luid.  180 
Dlagnuriie,    functional   rennl, 
292 


DlacBori^  auiteal,  Tala%  m 

Diwaina*  in  ui««L  ttl 
DlarAoa,lAT 

aBBuikdaa  to,  SB 
of  ohUdroB,  blood  is,  674 
Dlarr^cM  paamMlaa,  Ml 
DiaMBwi  in  atoola,  3(8 

in  arine,  154 
Diaio-taat,  urine,  161 
DioalolniB     pboapbata    lidi- 

maat.Ml 
Diltawtlml  oountiDK,  474 
Diffcroatlatod  Inner  bo^  tt 

orjitbraoTUe,  441 
Dlffuaa  n^hritia  aionta,  uina 

in,  381 
DilMtton,  nrtrto,  ciUnt  oi; 

prodoeta  of,  317 
leaooojtoaia,  489 
ttanh,  117 
Dinatire  powar  of  paatraalia 

JiiIi»,U6 
Dllatad  Momaah,  anmnin  di> 
to,  013 
sontnla  of,  S3T 
Dilution  t«at  of  srln,  3tl 
DlmatbTUmidoanbanaoL  314 
DlmethTlamidobaiHbMTdi 

taat,  l&S 
Dipbthoriat,  blood  in,  t« 
Diplooooeui     laoooolaUa     in 

■pntam,  i>9 
Dipylidinm  oninnm,  388 
Dinuea  of  kidnaTa,  nrloo  te, 

ITO 
Dirtoma     liBmatoUaH    kid- 
na;,  389 
bapatleam,  388 
lanoaolMom,  3Sfl 
Dlitribotion  of   nltrogia  i> 

nrine,  IU8 
Diltrich's  plugs,  S3 
Dricfl  residue,  deteruiinaiioa 

of,  610 
l>rop«ic«l  cell?,  443 
Drugr^,  cfl'ect  of.  on  red  oonnt, 

453 
Dry  catarrh.  0S 
Duodenal  ulcer,  345 
Dysentery,    anicinia   due    to, 
522 
stoots  in,  390 
Dvspepsia,    ana-mia   due    to, 
523 
nerToui,  340 


Easily    split  aulpbatcs,    135, 

139 
Echinococciis  disease  of  kid- 
ney, 274,  291 
of  lung,  iputuui    in, 
20.43 
Eclampsia,  urine.  2SA 
Letafiis  of  stomach.  ,1.^5 

hypertonic.  3.15 
Eel,  vinegar,  in  urine.  270 
Effunion,    pleural,    ieucorrtes 

in.  494 
Egg-yellow  reaction,  1.M 
Egyptian  httuiaturia.  275 
Ehrlich's  claj^silieation  i)f  leu* 
cocytes,  471 
^gg-yellow  reaction.  155 
stains,  423 
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BinhoTD  fermeDUIiDn   tubu, 

177  . 
Blutic  tinue  in  tputum,  29, 
4H 
paiudo-,    ID   iputum, 
31 
Elecltival  eciuiLui^livUv,  ZW 
Emphwiuu.    i:br\iE]L4^     bnjn- 

d-'liitiQ  of,  TiB 
Empyema,     leucocrustis    in. 

[icrfninting  liinif,  Tfi 
EadiiFjirdittB,    l^uoin?;lH   iOt 

4»3 
Eiitaaivb«  oolt.  -174, 
djienleri»,  374 
hj-ftulylicn.  374 
EDtpt-riEi^  mpmhTsirflPen.  3fi4 
EnUrogeniniB      albuinoaurin, 

22« 
Enlerolithf  in  Mads,  371 
Enthcliuinlba.  37? 
Ewinnjihlle  i;mn»le!.  4(18 

Ertpiniiphilin,  M'*'^ 

afmr  riilM!ir-ii]in  rVAOtion, 

'duf  to  |inni-irf^,  501 

Id  HElbins,  SOI 

ID  'liseiufip  of  bone  mar- 

roK.  500 
of  gflDilal  ori^auB,  502 
of  hffiualofiuietic  orguDP, 

500 
oftyraph  gland;!,  501 
of  eplei'n.  500 
of    By  input  hoi  Lc   norToat 

f  jBtsm.  503 
in  lunii^iMini  JiAm^e,  503 
in  #kiii  ili-iM-r,  ^1^1 
tncdipin:t],  b^'i 
jibri\fh}jt\ai\.  500 
ptiil-MiTWi!.  502 
Bitinihphilit  liroiiciiitij,  27 
Epkirilii.'iil  p'l'yurin,  S5 
Epii;DKnio.  1  N 
Epivarkeo,  114 
Gpictaii^i.  Oiilt'r  rfniil,  !30 
Epilbcllii!  <'»'l.'.  5i» 

Hi  Is  in  jnr<lric  cont«DlB, 
33.1 
in  pm^iAliti  fluid,  277 
In  ><piituin.  27 
in  stoiilr.  36S 
of   urine   !«<UmenI', 
255 
nitraliein,  302 
Erwiiojiv,  Iiutiitrrrliik|(1i7,  of  gan- 

Eryiipeln!.  leuiwvtw  in,  403 
Erythctibla^i-.  4K].  1^5 
Brylhrwylofcii<,  454 
FlrVliiroilrilrin.  1^2 
E-iiwh  lub.-.  2"5 
EBflential  ulbuniinnrijt,  2iH 
renal  hii'innturiri,  ^^0 
ElhcrEi-l  •iiiidiHli's  l.'IO.  13.1 
EuKii'bniin,  20'J 
Eul'tnfnifTliiii    gigflr*    in    kiil- 

ney.  275 
Ewnit-Ho»*    lr«,     hrmkfiHt, 

311 
Ener('l«e,  li'Ucocy('>-ii  duo  I", 

4ST 
Exlenl  of  gn-trlf   cli)[t<iIon, 

3in 


Extran«oui  Btructures  in  ;ipd' 

tuin,  2a 
Eiudatea,  11 S 


FiesBS.  354 

FuLbo  iklbnmintiria,  214 
Famins  fever,  fWV 
Furiola  bepatii'».  386 
Faftiae  stomach,  oontanCs  of, 

311 
Fat  in  blood.  570 

In  bmlT  Huy>.  Oil 
in   ntuoLs,  Htiuiaei<»n   of, 
313 
Fttt-crynlalii  of  <l««ls,  3fttf 
Falu  id'  niiciuusi  vf  erylhro- 

rylf,  4S1 
r:ir  4plLlEui;f  fi'nui^nl  in  ga^- 

IrLc  Juici'.  :'.^.f 
Fatty   acid   crv>(ais    in   »pu- 
t>im.  31 ,33 
acids  in  I'tool,'.  »tiina(ion 

of,  38S 
oa>t«.  259 
celJ;<  in  ;^putam.  2B 
L"incrct  i'>ns  in  urine.  272 
granules   in     Ji!aCLM:yteH. 

470 
kidneyo.  urine  of,  230 
,i.".|.,  iBO 
Fubriio  lli^^nMl  nurm,  223 
■IbuaioHiiria,  !2U 
diseAst:^.     leue  icy  tea    ia. 
4U1 
Fecal  voniitui'.  310 
Febiing'ti  le-t.  delermlnHtlon 

iil'iiui;iir,     ;ii 
FemienliLtiitn  in  eaBtrii^  juiL-c. 

331 
Ferment,  fal-fp lilting,  ingai- 
trio  \i\-'i\  -\'2i 
of  urine,  a^^jd.  W 
tv^t  fur  jiu^ar,  170 
F.TiJii'iLfiTi.-ii.,.!-,  303 

in  urine.  150 
Ferrocvnnido   te^t,    iLibmiiin- 

urin.'  202 
FernimM.T   .Ir,;ie»')i.  405 
Ffliil  l.ri,ni'hili.   rtW 
Fever,  blui«l  in.  524 
Fibred,     muscle,    in     gndt.rie 
juke,  .'m 
in  HlipoK  307 
Fibrin  pa»U  In  jipulum.  24 
ci>Aj{uln  in  Hjtntiini,  24 
dipjEnrir>i^.  43,'{ 
network    in   frub  blooi], 

4114 
f^lructiirrv  in  fpulum,  24 
Flbrin>>Kei>,  20g 

in  liMlv  (luiil^,  lilO 
Flbriuoi'l^hulin,  ''IH 

Fl(>r -  hr.,ni-biti-,  TO 

Fibrlnuria.  214 

Fibmi.l    form   iif    iiuluuinary 

tutien.'iihi^i".  40 
Filuria  buuiTdfii.  007 
di^in»ri|Miii.  titt'J 
diurnn.  liO-i 
ICifi",  OO'.I 

I Hull 

iiie;[Hlbii"-i.  OOU 
ni-ctuniji.  OIIS 
iiiiAnli.  OO'.I 
per»i(iiii.  nan 
Filnria^'i,'.  lioT 


Filtration,  ^itbaii&l,  kidney. 

302 
Fieoher'i  tent  meal,  312 
Fif tula,  jejunal,  35S 
Fixing   melboda   for   pmoara, 

420 
Fiagellata  in  caneer  o{  atom- 
ach.  352 
in  Epatuin.  43 
in  Ktools,  374 
in  urine,  274 
FleiHchL     hffimoglobinometar, 

45B 
Fluil,  reri»bro*|dnnl,  iU4 
;rii-lri.',  :tOB 
jiLiQcreatio.  .154 
pniqLiLtli?,  27  ft 
FIluiIs.  body,  nnalvAls  of,  fllO 
Fluki?,  lunic.  44 
F<elal  bliio-l,  487 
FoLin'a  ammonia  datermina- 
Ilon,  118 
metboii  uf  ^letPT  mi  nation 
'jf  unw,  107 
Follicular  t'ln^lUilis.  blood  in. 

4»2 
Fiireign  bmliei  in  npulum,  2S 
Form  of  ^IjioI".  357 
Fraifincuii'  of  i-.iii.i^r  in  gu- 
trle  j  nice.  350 
of     mui^iqiiL     in     gSAtrlo 

Juice,  332 
of  tissue  in  pputum,  32 
in  Bputuiu  of  ab- 
sccHA  of  lung,  75 
in  pputum  of  gan- 
grene of  lung,  75 
in  otiwls.  372 
in  urino.  20R 
in  voinitiia,  311 
Free  II CI,    dclcrininiilion  uf, 

3in 

Freezing  point  ^tf  urine.  2V,1 
Krenucncv  <if  ■lefe'^uilori.  357 
lV«li  bliiiil.  Jhidv -,r.  .Wi 
F'rcun<r   iiicihod  iil' detBnnln- 

ing   the  aciiliiy   of   urine, 

I2H 
FacbHinopbilin.  444 
Fnalifini.iilbilii'  coll-,  47a 
Vuiictiimnl  albuiniriuriii,  215 
renul  illngniHif.  202 

piirglcal  vuLueuT,  304 
Furfurol  lout,  110 

0 

llafrkr'a  table.  53 

(lall  r-'nnil,  370 

llnl!'?l»Di'<.'»lii',  blood  in,  580 

<iall-*t.pne,^.  3AU 
l^iindu-.  ^70 

llaiuele.  5110 

'■3ifiH'tHT>cliiioul.  5U0 

(rnng;renvi>f  Innif.  leui,*<K'yta> 
in,  4«.'i 
ppotiuii  of.  71 

llantrie  conteul-,  -H^S 
■eidily.  :ti:i 
abnoriunlirie.'.  3.17 
Imcterlii  in,  333 
lilimlin   :i.13 
bb"]-l-rlotrr  in.  H.^l 
cimciT   fi-'ruiunl-f    in, 

3,'i(l 
ervi-lHlj  in.  332 
epilbelial  cell.-  in.  333 


634 


INDAX 


fluMc  aa^Mlb^  franmli  of 
maeon,  SSS 
lB(tawrUlD,3U 
woaldi,  jauti^nrai- 

DBlii,  333 
miunii  Id,  341 
moMla  ainv  ia,  331 
jnilD,  3SS 
iiI>KB<aU   vitbont    tnb«, 

dlt«Ml<ni,  aitaat  of,  310 
pmlBau  of,  317 

Jnloa,  xriditT  of,  313 
MDDUiBb  Id,  SSO 
bauaof,  390 
fermanUtiun  of,  331 

phj(ialog7  of,  330 

■otllUr,  S3S 

mneon,  Urophy  of,  343 

nleer.Ml 
QmMttiOM  add>,  MS 

aeiite,341 

ehroniett,  341 

pblvcmoiKiUi  S4I 

puriuontla,  Ul 
Qutiili*,  Boate  ud  Aioais, 

■dJimia  duo  Uv  fiU 
Qaitro  •  iDlaitlDB]    dinrdan, 

uuamU  dnt  to,  Ul 
autTOCDOoarrbiBK,  338 
UHtnzjub,  33B 
ti«aenl  jmnm^M,  Uood  Id,  tT4 
OeniUIU,  aorinophtlU  In  dU- 

(Munf,  503 
Oarhudl'i  tsl,  ^Mitfh)  Bold, 

18T 
Garouui   n«Mln,    blood   Id, 

MO 
GUnt  oalli  of  bono  morroir, 

480 
OigmolOBrtai,  443 
OloDdon  of  luDg,  III 
Ulsu;  cMtt,  2flU 
(! lobular  riclineai,  blood.  5S5 
Globulin  in  budy  Huiili<.  KIO 

serum,  in  iirint.  208 
Gloincrulur  insuftli-iencv,  3lU 
fllnriK-e,  16H 

doterininntioD  uf  a  tnuse 
of,  I7J 
Glutuid  capiiiilc!.  -1r>j 
Uluiiniki'H  1«(.  Si'i 
Qlyea^QTi  in  urinv'.  182 
eiyixipruleidF.  KlU 
U1yA)nurift,  15S 
Glycuranic  ncid,  195 
Gout,  leucoi-ytfi:'  in,  495 
Gouty  ivlbuiiiiniirin.  222 
GoHcra's  btcmoglobioomelor, 

4S0 
Gnmulnr  tn.-t'.  258 

eel  Ik    ill   iirc^Htutio   fluid, 
277 

iniLjiseB  nf  ^cihultie,  504 
Granules.  iiL-idopliilo,  468 

Liiuaphile.  470 

of  llFHWLtE,  447 

eciHiniiphtlc,  4fl8 
fatty,  470 
llrnwili's.  447 
bik'Hloititnieli.  40-1 
in  rtil  oeLt?  in  iiiiilHTlq,  447 
Mailicll.  40CI 
avutT4i|>hitf^,  470 
ofro-h'rllx,  40I.44H,  447 
oxyphilic,  408 


Onaalaa,  pirlnBdnr,  470 
picmoDt,  iDiputoni,  IS 
*B|ii,  in  ipntam,  IS 
Gm«IU  RianBla,  44T 
Gnvtu'a  oarlpa  eall,  4S4 
GrooD  ipatBDi,  SO,  SI 

Tomitu,  300 
Grindor'i  rot,  ipatam  of,  )I 
GrDvtb,  annmU  of,  ATI 
Grabw-Wldil  toit,  43G 
OD*iu  twit,  134 
Guanln,  11  & 

OdII')  raatl  apirtuis,  130 
QaifL,  uilniB],  In  nrlns,  183 
OuDDlDg'a  tHt,  UMiona,  185 
QQubnrg'i  raagant,  314 

H 

HwmaJnaba      laokuraiB 
macua,  AM 
parrs,  555 
malwi*,  001 
Tlru,  5H 
nnmatoohTlDria,  SOS 
HsDiatoarU,  415 
Hgmatoganona  albuniDDrU, 

albumoanria,  ISO 

Janadlca,  144 
HanutoldiD  in  ^Dtum,  IS,  31 

in  nrlna  aadimont,  340 
Hamatopoletio  orzaDi,  511 

floflinophlTla  In    dia- 
eaiea  of,  MO 
Hamatoporpbyrin,  336 
HnDialoioon  nlidpariDm,  595 
Hsmataria,  330 

angiDntatotlai  131 

BBjptlaD,  ITS 

■aicDtUI,  330 

renal,  ISO 
Hicniln  test,  blood  in  nrine, 

Hmniovlnbiii,  4^0 

cstilDUiun  III'.  4.'>A 
in  iiputuui.  20       » 
ill  iiritii;  j*eitiiiient.  247 
llitniii^lMbiuu'UiLn    degenern- 

tiiinx.  400 
1I]bin'i];U>lrini'iiLetpn4.  450 
llsinoj^lobiiiiiria,  2.(i 
p]ktoxy.'<iU]i],  2^2 
Iltpiuii^loUinuriu      nephriti.^. 

2S2 
]|ii?moki>nion  ifrnnulpp.  403 
lljeuio]ihilia,  rennl,  2.1I 
llH!rnnp[yHi4»nf  phtbiei:*,  55 
llH.>mo]iljiiis.  73 
pnrafilir,  44 
Ilfflmna  ill  trill  tTy»tnIs,  4(I.T 
llaiiLinariiten>  bile  t?J<t.  14S 
llalulDtrprbhi^'o    met  b  ml    uf 
delermiiiing  papain, 

324 
of  deleriiiininx   ipe- 
eilie      ifrnvity     of 
blo.-l.  427 
ITiinrrV  eopfliuimil.  80 
lUjeiii'x  fluid.  41)5 

liH.-uioey limine ter*.  414 
1Ibt'»  bill)  Ill-id  If-'l.  151 
lleikltbv,  nlbuiiiinuriik  ttf  iip- 

parcnlly,  2tS 
Heart  itizien^ie.  bliHKl  in.  487 

efTixl  uf.  '>n  count  of 
rad>,  151 


Uaat  iart,  albtuniD,  109 

gluouae,  IAS 
Heating  amaan,  ISO 
Hebnar-Maly      matbod,     or- 

ganio  addj^  A30 
Hahnar'i  vaine.  303 
Haller'i  taat,  albamin,  104 

qoanliuiira,  JU 
blonJ,  S33 
Hawarrhagi^  ajwuBia  dna  to, 
517 
in  bruDcbieetiwiii,  Tl 
oomll.  in  atuol*,  3.13 
pulmoaary.    is   tuberea- 
loaia,55 
HnDorrhagio  croaiona  of  gw- 
trie  EDOooaa,  345 
infarct  of  lung,  TO 
nepbrilia,  230 
pneumonia,  57 
apatum,  19,  78 
Ilepatojnnona     alboraoaiirla, 

jaundiec,  143 
Horoditary  albuminuria,  ISl 
HanrablariatlaD,  10,  80 
Hataro-ilbumoaa,  240 
llalaro-albunioaari*,  S35 
Hataroobylia.  338 
Heteroxantbin,  114 
Blppurio  acid,  140 

teM,301 
Hodgkin'a  ditaaae.  555 
UomogentUinic  acid,  JS7 
BSfuer  nraa   datarmiDaliai, 

105 
niibnerfeld'i  aolntioo,  334 
Hangar  diabalei,  158 
llappert'a  bila  t«al,  118 
Hyaline  eut^  200 
Hydnamla.  514 
HTdroeala  flnid,  OSO 
nydrnchinnna.  9X.  143 
llydroeblurie   aeid  in  RMlric 
jwioo.  ,'114 

iil^iiliiri- aiiiftunt.  310 

Ijiiunil,  'El 7 

dffielt.  :tl7 

quHDtilHtite      deter- 
tniiiiilioii  i,f,  .'ilfl 
Hydrogen  pulpbidc  in  urine, 

"l:i5 
Hydr<Nnepliro:'i'<.  2*1 
liVBromi'try,  420 
llyiiienidepi,'!  nanii.  3t1T 
llyperdcLditjL*  bviimcblorica, 

337 
Il.vporncidily.  337 
llypereblorbvittin.  .137 
Hypwbioe-ifl.  Mill 
lEyperuiutility.  3.15 
llypen^ecrrtiiin.  33.^ 
llj-pertonie  eoi.ijiji,  .135 
IlyThK-ythA-iEiia.  514 
llirprnlyecniiriii,  304 
llypoplaalie  anH-iiiin.  515 
Hyptv^tntic  nlbiiininuriik,  222 
Hypoiantbin.  115 


Immature      niiclentpd      reiia, 

478 
Inipiirtikoo?  of  eni't^.  2fi4 
Innnilion.  a  nil- in  la  of,  521 
Indos.  wiloT.  4nii 
volume,  407 
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iD'liffc^rent     lymphoid    caUi, 

InilLgu  cilIuuIEt  27- 

^fodiuiL-alf  247 
iDdigu-biUQ  ill  uim«,  HD 

-rwl  ill  urine,  142 
IdJoajI    fiul|iU»l(]   in   urine, 

luiliimlivo     uvpbritiB,   v^'m 
III.  :^4 
puvuiiLMiiiii,    F[t  Ilium    off 

JDtikrutiou  i*r   Liduej,    uriDB 

ia,  2UU 
lulucEiiius    ilivoajjf,   cuiutt   oi 

IniJiiuimutiirv       Icucin'ytodi?', 

luiLuuii^ii,  k-u<.-ue>tvH  ID,  4U4 

4pUtlllil  \tf.  j^ 
iuruMirm  ill   L-jiui'er  cif   t^lom- 

'     liL-ti.  uyi 

in  iuEc^iiacTT  :iT2 

ill  flputum,  4;L 
ibor^imiu  ucidH  iu  urinp^  l:f| 

bii:fi:0  ill  uniiiT,  i^i 
1dui<ou|ij^  ti'Z2 
laudUt*  (il2 

in  unuu  of  iliiibel«»  iusi- 

pjilu^T  19  J 

Id^uqiej,  bim>U  in,  675 

iDBipMluf,  ^mbbtua.  i'J4 

iudUiEiiiiuni'j-,  giuuieruiur  uuJ 

tuDu.ur,  :{oi 

riiijltfrf  <fl' atumach,  -1^5 
Intvrmi^iiiite  Ibririri  u|'  imi-'lv- 

iilcJ  rc^b.  47V,  b:U 
IiitLTHiitttiit      dibuminariH, 

lDt(-T^tui4il     fiie^ritij,    purU' 
mill.  J4l 
□cpliTiti<^,  urino  Ell,  '2^h 
piiuuiiiimlii.Hpuluiu  ul,  h'J 

lattdlmul    L'uuctr,    UltHxi  in, 

ouDi'tetiuns  371 
crb'trui-li-m,       JeuciiL-yUid 

in.  4U:i 
pcird^ilv:^.  ;i7- 

ciLimv  uL'  uiiH?iiiia,  526 
Knnd.  37  k 
wuriii^  378 
InlL-iitiiK-,  i-ijnlclil'<  "f.  1^54 
iiuitiJily  iif^  ii^4 
(iilH-i-i'iLhi'^iB  ui',  bluud  in, 
jila 
lDtr]ili;r||ij|vptni|Hf  omrian 

O'^is  Huiduf,  fi2« 
lii'liilt  ij|' |it>tu-'^''iNiEi  Int,  'ffM 
lu-iiiiir  ri'Li4'(L"D  ill  biuodj  ^3 
IcKliPjilnlia,  AtKI 
Iriin  in  iirino.  1-^7 
IrhliitiiJii  ]o^Ml^  of  leuc\n'Tltri, 

47^ 
iMiJiimlt'i'H-,  XH'A 


JVir  irniowl  Tiiiiphnii*, 
I4a 
Jikmi'li<-(\  I'Jiliirrliiil,  IjImu*!  in, 

]iii-iii;iro:fT<ii4m>.  J  44 
bqiiiltp;;- II  i|i^,   I4:( 
LuxiiMiiii.',   144 


Jftundicc,  Uijtic,  blood  la,  586 

JvED^r^tf  Htuin,  4!lG 

JuLUts  tnbcrctilwb  or,  blood 

in.  .'>A5 
JollvJi'ii  ferrometerf  4fl5 

twi,  AlbniuiDuria,  203 
Juke,     gbitric,     nciJit;     m{, 

31.1 


Kahlor'i  dii-VH^e^  225 
KHurrnAun^H  bucilluH,  350 
Kutnflj',  nbxcveiii  r>f,  blood  in, 
445:  urine  in,  289 

ai'uiu  ncpbritifl^  blood  in, 

5li4;  urine  ill.  281 
Ainyjoid  ik^/cnerutiun  oT 

urine  in.  28S 
urfrriMiiujeroiiid  of,   uHdq 

in.  'lA^ 
ntrnphv  of.  urine  in,  288 
Qiinv'tTof,  28U 
cbronif:    pAj-j^ive    vnnKefl- 

liiin  oT.  urine  in.  280 
vioudv  iwellinir  of,  urine 

in.  2i^ 
coDi^enitnl    cyiitip,    b1rh>d 
in.  :iM\ ;  uriiit-  in.  28U 
Jis^UHCfl  H>l'.  urini7  in,  27tf 
f,itlv.  [irinv  iiu  ^'Md 
intWri^tiijn  urn  2t»0 
liirice    white,    urine    In, 

28a 
iii'phhti;^.  b'ood    in,  584; 

urine  in.  281 
pAriwitli^  di<'i«:»e^  of,  2tf1 
jienilo  'ilmpli^  of,   urino 

in,  288 
^(ont-  in,  2ll1 
luberr^uliKi'  {>f.  28V 
bloiiil  in.  .'jA5 
KfittidorrcrV  vnkie.  :jfl."! 
Kiili  qn  I  Vogcl's   lost,  pen- 
t^iAv  181 


Lub'ir,  ulbuniinurih  of  wuinen 

in,  2IS 
TtJicMnoiil,  510 
L.jidic:  Ji>ril,  nn 

in  c-.-ini-er  urHtvinorh, 

;U8 
in  niistrir  juice,  327 
qUAnlildtivc      dbler- 
niiuutioa  of,  32Sr 
l.ntd'jfli-.  178 
IjIii'^m:,  1R:{ 
IfiunitJiii  intiv'IinAUj'  in  r-tooln, 

:i:5 

LhD  loiji  nictbuil  of  dcti^rmin- 

inj^  blood  idkiihnily.  .>iiil 
Ijxr;^'  lyni]diO'<ytc?',  481 
inononnrU':irs.  471 
whlre   kidnpv,  nriiio  in, 

\,\\Wwi  or>nrili]iEirion.  %hA 
LnytT  rorouilion,  spitfuin,  22 
\-vi\i\  ill  orjni^  |';8 

iioi^oi],  ,-]iu:ii;  (jf  anieiniiL, 
;.2rt 
U-Hibm.  rtll 

l^bibnU's       in      pruvUitic 
II  Hid,  277 


LeuhiuAu-l>uuuvAn       bndlai, 

40fl 
LepnHij,  blood  in.  587 
Loptcidem  intcslin^iit,  .185 

^ era jfA lilt.  385 
Leptnlbrix  innouiiniitA  in  apu- 
turn,  ^ 

inAniEnui  baeCfliiii,  3d 
L^ucin,  All 

IU  Hitimcnt,  247,  34U 

in  Aputnin,  34 
Ijeuenbliutf,  485 
LnQ-voafU^,  408.  471 

oounlin^,  418 

frexb,  A\n 
I««ucti«jfri:<i^,  Abiven^vi,  495 

uuule  brobebitii'.  4V4 

Aoutu  oerebnupiod  uien-> 
inifilif,  402 

acute   Dbrinvus  plcuri^j, 
4V4 

tciiid    f'dlieuUr   tontUli- 
lip,  4V2 

acute     ulcerAtivfl    «idf»- 
cArditi)'.  4St3 

brfiDchieclAnifl,  444 

cholvra,  4U3 

ebruaie  bmnohitii^  4V4 

diabetic  oaniA.  495 

empyeujtt.  494 

enilocArditi*,  4U3 

erypLpcliu.  4,^'A 

exrrciar,  497 

fetid  bntnohiti^.  4tt4 

f^angrvDe  of  1anf«,  4V5 

Euui.  4U5 
ydroncpbrMis,  495 

inttBJoniiiticmA    And    feb- 
rile dii4eiu<e^.  491 

InAueniH,  494 

inU'--<tina]c»bvtrurlion,493 

uiAlii^nmit  di»«J4e,  49A 

lueninf^ilin,  492 

luyiii'demn.  493 

perlrenjit  nb«L-fVB.  495 

picurijiy  with  ofluB ion,  494 

pyulitiA,  495 

pyi«]oQe[»hriHiiF.  495 

pvciifpnifT   inflAmniAtionA, 
4^3.  41U 

nibies  49:l 

n-nul  eidi-uluri,  495 

iiru>tiLi>t,  4^Jj) 

whiHi|dn;r-c'm|cb,  493 
Leuro-'ytosiH.  nK<>nAl.  497 

cli};p.>'tiMn.  489 

Miiiir/cl|.  498 

meiliHriiil,  497 

iiiixi-<l.  498 

iir  <<o^in4ip1iitfli',  509 

of    iHrj^L-    niononuclean, 
498 

fif  n<.'w-b<irn^  491 

)irr'<r-hi'tiiorrbn^ie,  496 

poN[-iipi>rii(ive,  495 

prc^UFincy,  4'.>ft 
Tieun»pi'niJi.  4'.l1* 
l>i^ii'-4iiirMldliu.  X'i'.l 
Efeukii'miii.  iir-nl«^  Tm? 
lypMpbiilii'.  .Vr!.  r>4it 
MiiM'ii.  ',\:\ 

>\t\s-w-t-i\\\v\"-^v.x\"Mf^,  543 
Iipuku-iiiiii  "]i;ini>ile."  554 
Li'iik;inii'riii:i,  y.tfi 
lit'vulc^xf,   177 
l^vulonuriu,  178 
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Iindaa  ((Aanot-)  orjiUi  in 
blood,  MT 
inqntam,  34,  M 

In  itooii,  sea 

Untarj,  »T 

LlmlL  ■nimiUUtMi  tbt  ng»r, 

IfrT 
Upamb,  6» 
UpBM  Id  aiin^  lU 
LlpnrU,  SM 

Llw  abwen,  blood  In,  tSd 
<oBta     7ello«     >(n>phj, 

blood  In,  688 
drrhorii,  blood  in,  »8A 
dlMusa,  blood  In,  &Be 
Lobar  pneamonfak  blood  In, 
UT 
dilorida  In,  lU 
■pntamof,  ib 
LobnlMod  oelli,  474 
UtwlU'i  ornnlnn,  SM 
Uvj.Blkaanltj  of  blood,  MO 
Lav,  blood  In.  SSI 

ooDganiUI,  blood  Iq,  ATS 
LhUd  Bd^rltii,  3K,  KS 
Lnnc,  nbMMi   of,  Mood  in, 
4Rt ;  ipotna  oT,  T4 
■etlnamjooiii  at,  ipBtam 

of,  41 
onow  of,  apBtnoi  at,  80 
ohronis    puriri  oodcm- 
tlOD  of,  i^ntom  of,  TO 
wbinooooooi  of,  43 
flnk«,44 
gancTsnh   of,  blood    Id, 

4VS )  ipntDin  of,  73 
jrianden  of,  81 
HTorporfentlon  tbnmKb, 

76 
Inn  of,  81 
(Bdama  of,  77 
■tonn,  24 

tuberi^ulDFia  of.  blood  in, 
602;  'iiutuin  in,  iH 
Lympb    glanilf.  M-'inojihilis 

ia  d»eii!>ea  ot.  6111 
Ljinpba^mio.  54V 
Ljinphncylos.  471.  474,  464 
Lyinpbctoy(oj*in,  49s 
Lymphoid  cclla  of  WolIT,  4S4 
Lyinphoniataei!.       aljioiibie- 
uiic,  6(10 

M 

MacroDytcv.  443 

Macronainelei  5Wn 
MkcTi>pbaKe!<,  404 
Macrupi'upic  contttitutintfl  spu- 

luin.  22 
Mai^roscopy  ofptixtrfl,  !t09 
Mai;n<»iuiii      phorpbate      in 

urini-.  nn.  241 
Habirin.  bloml  in,  661.  6S0 
j^mnuled  in  reil  cclln,  444 
<if  i;biiartn.  573 
Malariiil     parjii'ili!.      n^iitivo- 
auUiiinnl.  iV!i,  SOZ 
qunrtan.  6U:l,  An2 
terliHn.  6511).  6(11) 
Malae^ev'e      hiieinocytoQioter, 

414     ' 
Malignniil  i]i^«iL?cii.  bloucl  iti, 
6Tfl 
eoi'inuphilia  in.  6C2 
gaatric  jnin  in,  331 


HalinaBt    diNMo,     l««eo- 
CTtM  In,  m 
of  lanK,Batani  oflM 
HaltoM,  183 

Mnljr  notbod  (HeluMrl,  SS* 
UnnflUno'i      •ndoglobalu- 

d^nMntion,  SW 
Umtow,  bona,  477 

odIiofTn)jg,4e4 
tfutnrbaton,  albunlDarikof, 

31S 
HaiiMlI  sTBoalM,  40S 

IsnooDrtoali,  408 
Haitullen,  471,  484 
Jtatora  DDBloMod  rod*,  478 
Hasla,  UM,  311 

Bou  evsning,  33t 
Evald-Bou,  311 
Fiaobor'a,  311 
lictln  add,  free,  328 
RIegol'g,  311 
HoulM,  blood  in,  MO 

QerDuin,  blood  In,  £00 
Hediutinal  growtha.  80 
Hodicinal  eoiinopbllia,  501 

lonoocytoala,  497 
HodioinM,  ooloit  of  nrlne  daa 

to,  M 
HogftloblaMB,  470 
Hogalooytw,  443 
H^aliWBctria,  336 
HMloIaryoojte,  488 

u  niina  wdlment,  147 
Helaoogen,  93 
M^itaria,  183 
Hallltiu,  diab«t«,  180 
If  ddns  polat  of  oitMbIi,  do- 

tanntnatiou  of,  IBB 
Hombnnoni  ooloritii,  SM 

arstoitli,  311 
Maningitii,  leaoo^Ha  Id,  403 
tubaronious,      bJood     in, 
506 
Morozoite.  6^1) 
Met&lhuiiiin,  Ri3 
Melhitini>){hibin.  2.16 
Melbylene  biup  dcgenaralion 
or  Ehrlich,  44A 
6UlnJf,  426 
tevl  in  urin«,  303 
urine,  04 
Mcthyl-viuli^t  lunl.  314 
M«thvl\anlhin.  114 
.MettucylM.  4M3.  US 
Melt'ii  melbod  Tctr  pepnin  dn- 

teriut nation.  324 
Microb1a!<ta.  4HI 
MicrOL'occU!'     letmgenuB      in 

dp  lit  am,  30 
Micrttcyte^,  443 
MiurugjLETiele.  5U0 
Micrognmctuoyte.  600 
Micrincopio  const  iluen  Is  »pu- 
tum.  2n 
oxaniiDHiiun     of    gutric 
on  ten  I?,  .132 
Micri)i(!Hpy  ofstoolj.  .368 
Mi«?vber'a     bicmoglobinonjo- 

ter,  4a7 
Milinri  luberculgi'iE.  ^'putuin 

of.  40 
Milk  ourd»  in  -tools,  3«7 
Minimal  nlbuminuria.  223 
Mi:(eil  lpLci>*'yl'>^iw,  4U8 
MoniJCorvumooBfl  hominis,  375 
Monont,  6O0  - 


JIoaoBBslaan,    MainaahiK 
473,  4M 

^^BoraMo  oi;  4te 
naotroUla,  471,  481, 
Bull,  471,  04,  484 
MoonTi  taat,  claoon,  !«• 
MKrwr't  bod7, 10»7ni 

aellMd,  OFaa,  lOd 
Morninx  ipatan,  18 

Mar    ai]n(ali    In  ailM, 
130 
Honoita-orala    of     Balarial 

panalta,  M7 
HoUli^  of  IntMtino,  3U 
ofitODUieb,  333 

detninBtiaa  of,  3H 
•ataili,  S3S 
bTpemotiiitj,  SSS 
D>oti»    Inmmeiana*, 

S84 
nllsTlloMld      ML 
338 
HoloT  iBanffldaan,  3>S 
Uonldi  In    nutiio  aontaala, 
3SS 
in  qtatoD,  14 
in  atoola,  380 
in  urino,  174 
Kaoin   in   body  flnid^  itI, 

010 
H aannrla,  311 
Uneold  In  bodj  flnitk.  111, 
010 
•pntaiB,  IS 
Maooparnlont  ipataB,  1> 
IfmuT  oaijmtAfer,    ST 
nooodo,  37' 
pariUDt,38 
raeomoiafc  38 
nunoitu,  38 
rUiopodlfbmia,  38 
Bsptatua,  38 
Mucosa,  almpby  of.  343 

fragta^nrd  uf,    in    gaatrio 
conlentH,  333 
Mucoud  c^olicia,  3ti4 

thread-  la  urine,  2B1 
Mncua  in  stonmch,  .333,  343 
in  Btwl-.  363. 
in  vumitua.  309 
sedimenl,  256 
Miiller'H  bluod  duat,  403 
Murexid  [eet,  113 
Muscle  Urns  in  gaatric  ata- 
tenlf,  333 
in  -tooig,  307 
Myclsinia,  543 
Myelin  in  fputnm,  3S 
.Myeloblast,  4S4 
MyeluoytSE,  eo^inopbile.  473, 
484 
neulropbile,  473.  483 
Myelugcnau!  leukitinia.  643 
Myelopathic  aibnmoeuriA.  236 
MyiiBdeiDa,  bloud  in.  68» 
leuoocytflfl  in.  403 

N 

Nacgeli's  myetobla^t,  484 
Nakayuna'n  teat  ri>r  bile.  I4S 
Xecrotic  lisane  fragments   in 

spatuui,  22 
Nemntodo  wormt    in     arine, 

275 
Nephrilii,  aeuW,    381 
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Hcpbritia,  dtlTasi^,  381 

liarcDchyijiivUmii,  281 
albumiDurin  of,  224 
blood  in,  iS4 
ohronio  diffuse,  283 
iudurative,  284 
iDlentitial,  286 
parendhymatou^T  2S3 
dfisquamalivfl,  281 
bwuLDglobiDurica,  '£i2 
bemorrhagic,  230 
iuduratit'e,  2S4 
luetic.  283 
non-iniluratifB,  283 
oubaiTute,  283 
auppurviive,  2S9 
unilateral,  288 
ftcrvuuiiilif^csfle.  blood  iii>  674 
djfpepiia.  340 
furm  of  ulbutnipuria,  224 
eyilovx,  sympathetic,  d&a- 
eaies    of,    eoiinupbilja 
in,  503 
treujin«r's  ^^ranules,  470 
NeutrpI  ^iilpbute^,  134 
Xeillrupliilv  granules.  470 
Kautrophilei,  small.  473 
?J«H-borri,     albumiDurLa    of. 
218 
kuctx^ytea  in.  401 
New  growth  in  kidney,  urine 
iu,  289 
in  nitdiastinum,  spu. 
turn  in,  80 
Night  and  day  urine,  84 
Nitric  acid  in  urine,  135 

teal  for  albuuiin,  20U 
for  urea.  110 
Xitrogeu  of  sputani,  iO 
nf  urine,    9B 

del errui nation  of.    101 
rlistributiun  of,  t08 
Nitrouo  «cid.  136 
>'on-indumIiiG  nepbritiH.  283 
Normal   person?,    sputum   of. 

17 
Normoblasts.   478 

in  pernieiousanwinm.  531 
Nubecula.  1^5 
Nucleated  re- 1?.  478,  5:i1 

Howeirs  mature  and 
immature,  478 
Nuclei   of  rcK   changes   in, 
481 
fate  of.  481 
Nuclein  bai-en,  114 
Nucleo-nlbauiin.  20H,  211 
Nucleoblston.  213 
Nucleoid,  442 
Number  uf  red  celln.  440 
Nam  inula  r  ^putum,  56 
Nulriliun,    effocl   of,    un    red 

c^unl.  461 
Nycturia,  84 
Nylan'ler'i  teKt.  glucopc.  103 


ObermayerV  ter^t  for  indoxyl. 

140 
Occult  hemorrha>;e  in  Hlool'. 

Ochronosip.  'M 
Oilnr  of  sputum.  22 

of  urine.  U5 
(Edema,  chloride  retention  in. 
123 


t£iema  of    lungg,  aputum  of, 

7fl 
(EaopbaguB,  oaneer  of,  blood 

in,  68U 
Oidium  albicans  in  aputum, 
42 
in  Btoola,  389 
OlignmU,  514 
Oligoahromiamia,  485,  514 
OligocytbiemiB,  44U,  514 
Oligoplasmia,  514 
Oliguria,  85 

Oliver's  hamooytomoter,  414 
hsmoglobinometer,  463 
Oooyst,  690 
Ookinet,  5B0 
Operation,  leucooytosis   afler, 

496 
Oppler.Roas  bacillus.  350 
Orcin  ten.  181 
Organic  acid^  in  gastric  cou- 

lent'.  330 
Organized  sediments,  255 
Origin  of  eai-f ,  263 
of  red  cells,  482 
Orthochmmstic  cells.  47B 
Ortiio4tatlc  albuminuria,  218. 

220 
Orthotic  albuminuria,  218 
DsteoclaHts.  436 
Ovarian  oysta.  fluid  of,  623 
Oxalate,  calcium,  crystsla  in 
sputum.  3r4 
in  urine,  244 
stonee,  271 
Oxalic  acid,  245 
Oialuria,  243 
Osj-butyric  acid,  187 
Oiyphilic  jffaoules.  468 
Ovyproteinic  acid,  120 
Oiyurit  varmicularia,  381 


Palpation,    albuminuria    due 

In,  223 
I'auctentic  disease,  stools  in, 
.3Si 
fluid,  354 

digestive    power    of, 
,156 
NL-retiun  in  vornitux,  300 
(tones.  .1*1 
Pancreon  let,  '-iVl 
Caper.  ConKO  red,  314 
Haraccllaire  iilbuminurie,  222 
Haraire-ul,  143 
ParagonimuB  wBstermanii,  44 
ParamBciuin  coli,  377 
Paramucin,  624 
■"ariisite'.    aniciaia    due    la. 
525 
animal,  in  lung.  43 

in  urine.  274 
eoHinophitiH  in,  501 
in  vuinitus.  311 
inlc-linal.  372 
plant,  in  Kputuin.  35 
in  stool  a.  .189 
I'nriisltic  bH'moply«i«.  44 
Pamxantbin,  114 
Piirencl^vinAtoiis       nephritis, 
acute,  urine  in.  281 
clironii'.  urine  in, 
283 
Paresis,  blnoilin.  674 
Parol' ari in  cysl  fluid.  626 


ParoijEDial  hajmoglobinuria, 
232 
polyuria,  30 
Pathological       aiaounts       of 
urine.  85 
variations   in  red  count, 
463 
Pavement -epithelial    calls  in 

sputum.  27 
Pavy's  disejtse,  218 
Penlcillium  glnucum,  41 

nummula,  42 
Pentoses,  179 
Pentmuria,  179 
Penioldt's  te<t,  334 
Pepsin,  322 

in  urine.  I5S 
Peptonuria.  227 
Perforating  empyema,    lung, 
76 
pleurisy,  serous.  76 
Poricardial  fluid,  62! 
Perinuclear  granules  of  Neus- 

Mr,  47K 
Periodic  polyuria,  80 
Perirenal   abKess,   leucocytet 

in.  495 
I'eritoneiii  fluid,  HDaljals  of, 

619 
i'sritunitis,  (uberouloui,  blood 

in,  665 
Parmeabilily,  renal,  302 
Pern i clous  anemia,  627 

gastric  juice  in,  321 
Pertunis,  leueucytes  in,  4B2 
Pettinbofar's  reaction,  150 
i'bagicytic  cells  iu  leukiemia, 

547 
i'haryngomyoosis,  36 
Phenol  in  urine,  139 
Phenol  sulphuric  acid.  143 
Phenyihydratin  te-t  for  glu- 

co.-e,  166 
PbJegmonous  gastritis,  341 
PhluriLin  lest,  .104 
i'bo^phate  concretions.  271 
cry.^lais  in  sputum,  .14 
Pbo4p bates.  cal<'iuiu.  242 
in  urine,  126 
magnesium.  242 
iriple,  241 
Phusphaturia.  97 
PhriBphaturiuuculbuminurie, 

222 
Phusphoru(-c»n1aining     pr'>- 

leids.  61 11 
Phospburu*     |io)soning,     reil 

count.  453 
Phthisis,  bliHid  in,  662 
hnmoplysical,  55 
melanoticB,  28 
stone-i'titten^,  21 
Physiological       nlbuminuriii, 
218 
e<isinophi1in,  600 
variHtimi     in  red    {'ounl, 
450 
Phv^iidogv   of  i^astric  secre- 
tion. :i2i> 
E^ijrtiieiil.  bile,  in  .'-jmluni.  20 
in  urine,  143 
IjIoihI.  in  r-putuin.  20 
citnl.  in  sf'Utuni.  21,  28 
iif  urine,  138 
Pigmentc-1  eelh  in  blond.  4S6 

in  sputum.  28 
Piroplasmosis,  BOB 
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FUmhU)  Mik,  M4 
Pbnt  pandtai   la  ipaton, 
50 

liiituda,38V 
Id  ariaa,  STB 
Ptaimodinm  pmaox,  SM 

Tinu,MW 
PUiUa  btonohlUa,  ipnlon  ot, 

TS 
PlBtd«ti  of  bimd,  tot 
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